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with  a  loud  tioise.    lu  Iceland  many  houses 
are  said  to  have  been  thrown  down.    The  vol- 
cano of  KatlegisB  was  in  riolcnl  eniplion  at 
ibc  time. 

At  Byam-Edge  the  shocks  were  felt  in  the  Dcr- 
hniun  mines  at  a  depth  of  GO  fathoms,  and 
at  the  surface.    They  were  ncconipanied  by  a 
loud  noise  in  tbe  interior  of  the  earth.   Pieces 
of  rock  were  detached  and  fell  in  the  galleries 
of  the  mines.    Some  days  after  a  long  fissure 
WM  observed  in  tbe  ground  in  this  locality 
The  waters  of  a  pond  near  Reading  appeared 
to  boil,  and  wore  raised  over  thdr  banks  to 
tbe  extent  of  20  inches  above  their  usual  level 
At  Cavenham  a  noise  was  beard  as  if  the 
house  were  (allinR,  and  a  vine  trtiued  ^nst 
tbe  bidldlug  wu  broken.  Two  trees  also  were 

' 

llioiililiilillliii«i!ii|ilil>ll1fii 

ri 

a  different  one  from 
that  at  Lisbon.)     In 
Icebind,  nccording  to 
the  CoUection  Aca- 
dfmiqae.  the  shocks 
canlinued  fur  three 
days  in  tbe  dislriet 
of  Myrdahl. 

AtCorkastrongsbock 
was  fell  at  tbe  time 
mentioned.  AtEyam- 
Edge    four    violent 
shocks  were  felt  in  a 
space  of  SO  minales. 
Near    Heading    the 
earth  shook  for  SO 
seconds.    At  Caver- 
sham  it  luted  1  mi- 
nute. 

-■ 

the  Collficlion  A  cade- 
mique.    v.  iloff  thinks 
the  accounts  from  both 
these  places  doubtful. 

In  tbe  Briliih  Itkt  ae. 

luaUy  sensible  shocks 
were  felt  in   but   Set. 

upon  the  sea  rouud  the 
coast,   the  lakes,   and 
ponds.  Only  fourplacea 
are  mentioned  a.  locali- 
tie.  where  the  earth  ac- 
tually ahook,  viz.  Cork 
in  Ireland,  Eyam-Edge 
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\t  Funchal  the  shock 
was  violent,  from  B. 
to  W.,  and  consisted 
of  Iwo  epochs  of  un- 
dulation,   the    first 
being  much  the  more 
violent.    The  whole 
lasted  1  minute. 

ai 

Over  the  surface  of  the 
.ffJanfJcOcnmthedis- 
tnrhance      seems      to 
have  extended  widely 
as  far  aa  the  necessarily 
limited  ohacrvationa  go. 
At  Funchal  in  the  south 
of  Madeira,  the  shock 
was  strongly  felt. 
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More  damage  wia  caused  bj  this  thock   

At  thefirst-named  places  some  damage  resulted 
at  the  last  three  however  there  was  none. 

Fresh   damage  done.    Tbe  inhabitanti  quitted 
their  house.. 
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Severe  shocks.   Sere- 
rol  others  were  felt 
in  the  northern  part 
of  the  island  during 
the  month. 
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k  severe  shock.     In- 
cluding the  accom- 
panying noise,  the 

more  than  forty  mi- 
nulesf?).  Direction 
=  S-E.toN-W.  At 
Stavropol  4  shocks 
were  felt,  thn  first 
bring  the  most  se- 
vere.    At  Tiflii  sii 

fell  before  Lhe  23rd, 
and  others  at  fre- 
quent intervals  op 
to   the   Isl  of  Fe- 
bruary following. 

Another  shock 

Uilfo    

Two  shock! 

A  violent  and  widely- 
e^lended        CHitb- 
qunke.      The    first 

suddenly,  and  was 
followed  by  an  un- 
dulatory  movement 
of  the  ground,  tast- 
ing forty  or  fifty  se- 
condi.  after  which 
there  came  again  a 
short  violent  shock. 
In     Popayan    the 
undulalory  motion 
[aaled  three  or  four 
minntas,  the  diree. 

fi 

TIQis  in  Cleorftia-    Also 
at   Stavropol   iu   the 
Caucasus. 

Lnnriie  in  Norway 

Ditto    

la  the  Cantons  of  Tava- 
ro,  Talano,  and  Sar- 
tene  in  Corsica. 

In    Columbia,   S.  Amc- 

N.E.  to  S.W.,   from 
S"   F^-di-Bogola    to 
Paste,  and  thus  paral- 
lel to  the  chain  of  the 
Andes.    Whether  fell 
to   the   east   of  the 
Andes  or  not,  is  not 
to  be  learned  from  the 
accounU. 
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FOURTH  REPORT 

UPON 

THE  FACTS  AND  THEORY 

OP 

EARTHQUAKE   PHENOMENA. 


Thb  present,  Fourth,  and  probably  last  Report  on  Earthquakes  that  I  shall 
have  the  honour  of  presenting  to  the  British  Association,  has  for  its  objects 
the  discossion  of  the  great  catalogue  of  earthquakes  printed  in  several  prece- 
ding volumes  of  its  <  Transactions/  the  last  portion  of  which  only  appeared  in 
type  in  ]855)  and  the  completion,  as  far  as  possible,  of  the  complement  of  the 
other  desiderata  mentioned  at  the  conclusion  of  the  First  Report  (1850). 
The  pressure  of  other  occupations,  with  some  uncontrollable  circumstances, 
have  delayed  for  nearly  three  years  its  appearance :  the  delay,  however, 
has  not  been  without  advantage;  it  hus  enabled  me  more  fully  to  grasp 
additional  conditions  and  difficulties,  before  unnoticed,  of  some  branches  of 
the  subject,  and  to  derive  advantage  from  the  contemporaneous  labours  of 
the  few  physicists  who  are  engaged  in  Seismology ;  foremost  amongst  whom 
stands  M.  Perrey  of  Dijon. 

The  reader  will  with  advantage  refer  to  the  conclusions  of  the  Second 
Report  (1851),  as  to  the  construction  of  the  catalogue  which  constitutes 
the  Third  (1854),  before  perusing  the  present ;  as  well  as  to  the  concluding 
note  of  that  Report,  in  which  it  is  stated  that  the  catalogue  commencing  at 
1606  B.C.,  and  originally  proposed  to  be  extended  in  its  tabular  form  to  the 
end  of  1850  a.d.,  was  concluded  at  the  end  of  the  year  1842,  from  which 
period  up  to  1850,  and  indeed  later  still,  the  catalogues  uf  Prof.  Perrey 
supply  all  that  is  needful,  though  it  is  to  be  regretted  that  they  are  not 
tabulated  for  more  convenient  reference.  But  although  the  British  Asso- 
ciation Catalogue  concludes  with  1842,  the  discussion  of  fads  has  been 
extended  to  the  end  of  1850,  the  base  of  induction  for  the  last  eight  years 
being  supported  by  the  labours  of  Perrey. 

The  whole  base  of  induction  therefore  for  such  conclusions  as  are  here 
to  be  attempted, — embracing  between  6000  and  7000  separate  recorded  earth- 
quakes over  every  known  part  of  the  globe,  both  on  land  and  ocean, — the 
character  of  the  facts  given, — their  scantiness  as  to  information  of  scientific 
value,— the  methods,  or  rather  the  want  of  all  method,  in  their  observation, 
and  other  causes,  mentioned  in  the  Second  Report, — I  think  justify  me  in 
stating  my  conviction,  that  nearly  all  that  can  be  drawn  from  the  collection 
and  discussion  of  such  records  has  now  been  done,  and  that  the  labour  of 
collecting  and  calculating  further  and  future  Seismologues  will  be  in  a  great 
degree  thrown  away,  unless  the  cultivators  of  science  of  all  countries,-^  in 
conjunction  with  the  scientific  bodies  and  the  scientific  departments  of  the 
chief  civilized  governments  of  the  world, — shall  unite  in  agreeing  to  some 
one  uniform  system  of  seismic  observation,  and  record  and  transmit  the  results 
1858.  B 
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periodically  to  a  central  bureau  for  discussion.  What  has  been  dune  for 
astronomy  and  for  terrestrial  mognetUm,  is  beginning  to  be  done  for  nieteor- 
(ilogf,  and  through  the  suggestive  labours  of  Maury,  Bache,  and  others, 
for  maritime  discovery,  ought  to  be  done  now  for  ^^eiamology,  whose  chief 
reiguirements  could  be  readily  added  to  those  already  suppoBed  to  be  system- 
atiied  from  Lieut.  Maury's  proposals,  as  well  as  to  those  long  in  course  in 
the  astrunonJical,  magnetic,  and  nieteorological  observalories  of  the  world. 
The  spread  of  the  net  of  telegraphic  wires  rapidly  over  the  whole  earth  offers 
facilities  for  the  observation  of  earthquake  phenomena,  in  which  time  always 
enters  aa  so  important  an  element,  never  before  possessed.  We  shall  revert 
to  this  in  treating  of  seismometry. 

Before  proceeding  to  the  discussion  of  the  Briti-'h  Association  Catalogue, 
I  propose  giving  some  account,  in  a  connected  form,  of  the  discussions  by 
Professor  Perrey,  of  bin  own  local  or  partial  catalogues,  and  of  ihe  conclusious 
he  has  tbence  drawn  ;  as  well  as  referring  to  some  minor  CBlalognea,  more 
orlessconipletely  discussed  by  their  authors:  amongst  the  latter,  Mr.  Milne's 
valuable  contributions  escaped  my  notice  whpn  pr(-paring  my  first  report. 
Perrey's  labours  in  generalizing  (as  far,  perhaps,  as  can  from  the  data  be 
safely  done)  the  facts  of  several  great  seismic  kingdoms,  and  announcing 
their  results,  form  a  valuable  prelude  to  the  still  larger  base  of  generaliz 
Anally  here  discussed,  and  extending  to  the  whole  known  globe.  Tfai 
eiurer^  catalogue  memoirs  of  Perrey,  to  which  I  have  had  access,  apply 
the  following  localities:^ 

In  the  European  Hemisphere — 

The  Scaodioavian  Peninsula  and  Iceland. 

The  British  Islands. 

The  Spanish  Peninsula. 

France,  Belgium,  and  Holland. 

The  Basin  of  the  Rhone. 

The  Basin  of  the  Rhine. 

The  Basin  of  the  Danube. 

The  Italian  Peninsula. 

Algeria  and  Northern  Africa. 

The  Turco- Hellenic  Peninsula,  with  Syria. 
And  in  the  American  Hemisphere — 

The  Basin  of  the  Atlantic. 

Canada  and  the  United  Sutes. 

Mexico  and  Central  America. 

The  Antilles. 

Chili  and  La  Plata. 

Cuba,  by  M.  Ptwy. 
In  addition  to  which,  Perrey  has  combined  and  discussed  together — 

Europe,  with  the  adjacent  regions  of  Africa  and  of  A^^ia. 

The  Norih  of  Europe  and  of  Asia- 
viewing  the  three  continents  in  the  light  of  two  parallel  Austral  and  Boreal 

The  general  method  adopted  by  Perrey  has  been,  after  an  introductory 
pliysico-geograjihical  sketch  of  the  region,  and  the  catalogue  itself  of  earth- 
(}uahe9,  to  discuss  iheni  numerically  and  graphically. 
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ON  THX  rACTS  AND  THEORY  OF  BABTHQUAKB  PHENOMENA. 

OccuioDHlly  also  with  reference  to  lunation*. 

f  With  Inference  to  direction,  f  ^2!L"'"!i;!S«Jv/"L' 
In  space  J    t.«.  horizontal  direction,  of  ]    l^-ed,  dfnvat.ve    or 
I    >hock. 

And  lastlyi  as  to  relative  intenaity,  or  dynamic  value  of  the  shock  in  each 
direction,  which  he  arrives  at  on  the  aMumption  that  this,  in  any  given 
rhumb,  is  proportional  to  the  ttmmber  of  ahocka  observed  in  it*  direction  in  a 
given  period,  a  supposition  which — although  perhaps  not  without  some  value, 
a*  admitting  of  one  mode  of  regarding  the  relations  of  distant  seismic  regions 
not  otherwise  posaible — admits  of  the  gravest  doubt  whether  it  have  any 
real  natural  basis. 

We  shall  consider  the  result*  in  the  order  above.  Near  as  Norway  and 
Sweden  are  topographically  to  the  British  Islands,  it  is  not  with  these,  bnt 
with  Iceland  and  the  intervening  band  of  the  Northern  Ocean  that  the 
Scandinavian  peninsula  is  in  connexion  as  a  seiimic  region ;  very  few  ex- 
amples occur  of  simultaneous  action  between  the  former;  but  seldom  has 
there  been  any  marked  convulsion  in  Iceland  without  commotion  in  Nor- 
way, &c.,  and  vice  vend.  Scandinavia  itself,  one  of  the  moat  remarkable 
masses  ot'  land  in  slow  process  of  elevation  in  the  world,  alio  showa  its  con- 
nesion  with  internal  action ;  and  were  it  not  that  Iceland  is  pierced  with 
numberless  vents,  broken  and  shattered  in  every  direction  by  volcanic 
action,  that  admits  of  no  cessation  or  consolidation  above,  there  can  be  no 
doubt  that  the  destructive  power  of  earthquakes  would  be  manifested  in  the 
northern  peninsula  to  a  far  more  serious  extent  and  intensity. 

Thai  Greenland,  at  least  the  east  coast,  and  the  Fariie  Islands  are  shaken 
frpquently,  is  highly  probable,  though  I  am  not  aware  of  any  such  record. 

The  following  is  the  result  of  Perrey's  chronology  of  this  region  : — 


Table  I.- 

Peninsula  and  Iceland. 
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48 
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On  examining  this  Table,  Perrey  remarks  the  same  preponderance  of 
earthquake*  in  the  winter  half  of  the  year,  that  is  evident  from  many  of  his 
other  calculations  lor  various  r^ions.  Here,  for  the  six  months  of*  winter, 
there  are  129  shocks,  and  but  91  for  the  summer  half  year. 

Perrey  is  also  of  opinion,  from  the  general  result  of  hia  r«searohes,  that 
there  is  a  preponderance  of  shocks  at  the  equinoxes  and  aummer  solstice, 
which  he  denominatea  the  "Critical  Epochs"  of  the  year.  It  ia  so  for 
Scandinavia. 


REPORT — ISSS.  J 

The  total  nainber  of  earthquakes  given  with  datei  i>  S5S,  representing  by 
twelve  the  mean  annual  number.  He  tabulates  the  proportional  number  fur 
each  month  thus  : — 

Table  II. — Sc&ndioaria.    Relative  Trequency  throughout  the  year. 
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0-flS 

,......= 
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Winter  . 
Spring  . 


Autumn. . 


, .  0-73 


at  the  two  montba  of  each  soUtice  and  equinox — 

March  and  April 09+ 

June  and  July 07* 

September  and  Oclober Otla 

December  and  January    1*36 


I 


Aa  to  general  direction  of  the  observed  or  horixontnl  tkment  of  »hock — It 
hai  in  inosi  instances  traversed  a  line,  with  more  or  leee  divergence,  stretch- 
ing away  from  Iceland ;  and  there  can  be  little  doubt  that  this  is  the  real 
line  of  propagation  of  the  original  puUes. 

Perrey,  however,  conceives  that  ft  mean  or  chief  resultant  direction  of  shock 
for  each  given  Beianiic  region  may  be  calculated  in  the  following  way.  Taking 
the  mean  frequency  of  shock  =1,  he  finds  for  the  ei^ht  principal  rhumhs 
proportional  numbers,  as  for  example  in  the  present  case : — 


Tablb  III. 

[Db,  or  direction 
of .hock. 

dir«li!«.. 

N.W.„S.E.  , 


....     0-73 


Then,  considering  the  cause  of  movement  in  any  given  direction  to  be  pro- 
portional in  intensity  to  the  number  of  times  that  it  has  acted  in  each  ob- 
served direction,  viz.  as  proportioniil  to  the  preceding  numbers,  he  treats 
these  as  the  forces  themselves  given  in  magnitude  and  in  direction,  and 
compounds  them  fnr  a  single  resultant  according  to  Lambert's  formula. 

This  process  gives  for  .Scandinavia  a  general  resultant  directioji  of  pro- 
pagation of  S.  1'i°  'i&  W.,  and  with  an  intensity  or  force  represented  by 

oy4. 

If  we  study  thia  presumed  direction  with  the  Mercator  chart  before  us, 
u-e  find  that  the  line  is  not  very  wide  of  that  forming  the  general  length  of 
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the  great  Scandinaviat)  cbaJD,  and  i*  Id  fkct  aeariy  a  aormal  to  the  aotualljr 
obsenred  directions  of  i<hock. 

It  is  a  fact  obiierTed  in  many  other  Hismic  mountain  chains,  as  well  as 
along  the  lines  of  great  valleys  and  river-counes,  that  the  main  direction! 
of  propagation  of  shock  are  along  the  lengths  of  the  chains,  valleys  or  rirei^ 
courses ;  and  a  very  obvious  explanation  why  this  should  frtquendy  Im  the 
case  suggests  itself,  namely,  that  the  solid  materials  of  the  earth  arc  leas 
shattered  and  discontinuous,  and  more  boroogeneous  in  these  direcdons 
than  in  those  transverse  to  the  ranges  and  valleys,  &c. ;  but  how  far  this  is  in 
anyway  connected  in  nature  with  Perrey's  conclusion  admits  still  of  doubt; 
and  indeed  it  is  manifest  that  any  attempt  to  calculate  a  general  or  mean 
resultant,  from  the  horiiontal  component  of  shock  only,  must  be  at  least 
incomplete,  and,  from  other  reasons  that  will  be  given  when  treating  of 
seismometric  instruments,  may  be  said  to  be  at  present  impossible.  I  should 
by  no  means  wish,  however,  altogether  to  reject  this  ingenious  method  of 
discussion  in  the  present  state  of  our  knowledge. 

Perrey's  results  are  subjoined  for — 


Table  IV. — Earthquakes  of  the  British  Islands  and  Northern  Isles. 
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The  number  occorriag  in  spring  and  summer  together  ia  but  three-fourths 
that  of  autumn  and  winter  united,  the  relative  number  for  the  four  seasooa 
being — 

Winter I-OS 

Spring 0^6 

Summer    0^ 

Autumn    I'24 

And  Uie  two  months  of  the  critical  epochs- 
Winter  solstice 1-88 

Spring  equinox 0^ 

Summer  solstice    0*53 

Autumnal  equinox    1*13 


RBPOKT — 1858. 

The  relalive  numbers  ai  to  horizontal  direction  : — 

S.        to  N 0-+8 

N.E.   „  S.W 0-*8 

E.        „  W 1  70 

S.E.    „  N.W 073 

S.       „  N 073 

S,W.  „  N.E l-« 

W.      „  E 1-W 

N.W.  „  8.E.    0-97 

from  which,  by  the  preceding  melhodi  P^rrey  computes  a  mean  horizontal 
direction  of 

S.39°5'  W.  to  N.  39*5'  E., 

which  i»  about  the  linn  of  direction  oF  Looh  Nees  Hnil  of  tlie  Culnloniaii 
Canal. 

This  is  certainly,  however,  not  the  general  or  mean  horizontal  direction 
of  liritiah  earthquakes,  which  appears  to  be  one  from  soulh  to  nonh,  veering 
more  or  less  to  the  ea«t  or  west,  but  having  on  (he  whole  a  direction  passing 
through  the  probable  rocua  of  the  Lisbon  earthquakes  and  of  the  Canary 
Islands.  I  am  not  aware  that  any  attempt  has  been  made  to  ascertain 
the  angle  of  emergence  of  the  wave  of  shock  Tor  any  British  station,  except 
indirectly  by  myself,  in  my  "  Memoir  on  the  British  Earthquake  of  November 
ia52"  (Trans.  Roy.  Irish  Acad.  vol.  ssii.  part  1)  at  Dublin,  which  was  from 
25°  to  S0°  iticlined  to  the  horizon ;  and  assuming  the  origin  to  have  been 
even  somewhere  between  Great  Britain  aod  Lisbon,  the  depth  of  focus  must 
have  been  very  great ;  that  earthquake  extended  over  the  greater  portion 
of  the  British  Islands,  the  ma:(inium  disturbance  on  the  surface  being  about 

Mr.  David  Milne,  in  one  of  a  series  of  very  able  papers  on  British  earth- 

quukea  in  the  '  Edinburgh  Philosophical  Journal,'  voN.  Kxxi.-xxxvi.,  which 
I  regret  not  having  noticed  in  my  Second  Report  as  prominently  aa  Uiey 
deserve,  expresses  his  conviction  (as  it  appears  to  me,  however,  I'rom  very 
insufficient  grounds)  that  all  British  earthquakes  have  had  an  oriein  of 
disturbance  immediately  beneath  Great  Britain,  and  not  at  some  distant 
point  beyond,  his  chief  reasons  being,  1,  that  with  few  exceptions  they 
affected  only  certain  portions  of  the  island  j  3,  that  there  was  in  all  the 
districts  affected  some  spot  where  the  concossioo  and  attendant  noise  were 
greater  than  anywhere  else,  and  that  they  diminished  with  their  distance 
from  this  spot ;  3,  that  the  shock  and  the  noise  moved  simultaneously  from 
this  spot. 

A  reference  to  the  Catalogue  will  show  that  these  are  by  no  means  the 
general  prevailing  facts  ;  and  if  they  had  been  so,  they  do  not  prove  the 
point,  for  reasonit  to  be  gathered  from  the  Second  Report.  In  the  al)senca 
of  any  knowledge  of  the  angle  of  emei^cnce,  it  is  a  very  incomplete  state- 
ment of  faet  when  .Milne  says,  that  "out  of  110 shocks  recorded  in  England, 
:j|  origiiiafed  in  Wales,  31  along  the  south  coast  of  England,  14  on  the 
borders  of  Yorkshire  and  Derbyshire,  atid  5  or  6  in  Cumberland."  "  These 
facts,"  he  adds,  "seem  to  show  that  the  seat  of  action  cannot  be  very  far 
doun  in  the  earth's  interior."  Locally  variable  surface-disturbance,  and  even 
none  at  certain  localities,  within  large  areas  exposed  to  seismic  action,  are 
ainongkt  the  most  common  phenomena  of  observed  earth<:|iiakes  even  of  the 
greatest  extent  and  intensity,  and  arise,  amongst  other  reasons,  from  the 
heti'i'ogeueoui  uiid  di>locatca  materials  of  the  earth's  crust  perturbing  the 
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elastic  wave.  A  considerable  number  of  shocks,  recorded  in  Scotland,  have 
been  stated  to  have  had  a  horizontal  direction  more  or  less  from  west  to  east ; 
and  this  is  by  no  means  incompatible  with  the  general  prevalent  direction  from 
south  to  north  already  mentioned  ;  nor  has  it  been  unnoticed  elsewhere,  that 
long  ranges  of  hills  of  hard  elastic  rocks,  with  deep  intervening  valleys,  change 
the  general  horizontal  course  of  the  wave  of  shock  reaching  their  flanks  into 
one  mainly  felt  along  the  line  of  the  chain.  The  little  shocks  for  long 
periods  almost  continuously  felt  in  and  about  Comrie  in  Scotland,  have  all 
had  a  general  direction  from  west  to  east ;  but  these,  like  the  similar  phe- 
nomena long  carefully  observed  by  Prof.  Merian  at  Basle  in  Switzerland, 
those  at  East  Haddam  in  Massachusetts  and  elsewhere,  I  omit  from  consi- 
deration here,  as  very  doubtfully  belonging  to  the  class  of  earthquakes 
proper  at  all,  and  perhaps  no  more  than  tremors,  more  or  less  forcible 
at  the  surface,  due  to  the  fracturing  of  rocky  masses  below,  by  the  gradual 
processes  of  elevation  or  depression  of  the  land.  Excluding  these,  our 
records,  so  far  as  they  go,  point  to  the  south-to-north  general  direction 
as  given. 

Milne  has  discussed,  with  reference  to  period  of  the  year,  the  circumstances 
of  139  Scottish  and  il6  English  earthquakes;  and  the  result  squares  pretty 
closely  with  Perrey's. 

The  following  is  Milne's  Table : — 

Table  V. 

Scotland.  England.  Total. 

January 14  1 

Fehmary  14  13^74.    Wintermonthi. 

March  12  1 

April 9  1 

May  8  

June 4  

July 5  

Anguit 12  9^58.    Summermooths. 

Septembtr  12  15  J 

October    14  Ill 

November 20  12w9.    Autumn  monthi. 

December 15  7j 

139  116 

He  notices  also  the  fact,  which  we  shall  find  has  not'  escaped  Perrey  (*  Me- 
moir on  France'),  that  the  period  of  the  year  at  which  seismic  action  appears 
to  be  greatest,  is  that  when  both  the  actual  height  of  the  barometric  (M>lumii 
is  the  minimum,  and  the  range  of  its  oscillations  the  greatest  in  the  year ; 
and  he  has  put  with  clearness  the  enormous  total  effect  in  the  increase  or 
diminution  of  pressure  over  large  areas,  due  to  such  changes  in  atmospheric 
pressure,  as  a  possible  (he  deems  a  certainly)  connected  cause  in  the  produc- 
tion of  earthquakes. 

Proceeding  now  to  the  Spanish  Peninsula,  comprehending  all  west  of  the 
Pyrenees  and  the  ocean  washing  the  shores  of  Portugal,  the  following  are 
Perrey's  results : — 


*  44.    Spring  monthi. 


RBPOBT 1859. 

K  VI. — Eartb(|uake»  of  tii»  Spanish  PeninauU. 
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Taking  the  mean  monthly  frequency  =1,  the  relative  raonllily  IreqiiG 
ind  that  according  to  seo-ion,  ai-e  tfi  I'ullows : — 
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or  in  autumn  and  winter  together,  114  earthquakes  against  87  in  the  spring 
and  summer. 

Aa  respecis  observed  liorizonlal  directions,  the  ratios  were — 

N.      to  S 038 

N.E.  „  S.W 0-76 

E.       „  W.      2-67 

S.E.  „  N.W 0-76 

S.       „  N 1-91 

S.W.  „  N.E 0-38 

W.     „  E 0-76 

N.W.  „  S.E.    0-38 

which,  by  the  mtthoti  of  calculation  already  given  as  adopted  by  Perrey, 
gives  for  the  mean  liorizontal  direction — 

E.  31°56'  S.  to  \V.  ai^SS'  M. 
This  dedncrion  appears  to  agree  toli'rably  ivell  with  the  actually  recorded 
directions  of  shocks  in  Portugal  and  Spain,  who^e  locus  seems  to  be  beneath 
the  sea.  between  Lisbon  and  the  Azores,  all  of  whicli,  as  well  perhaps  as  the 
Canaries,  arc  connected  as  one  seismic  region.  Perrey  states,  that  in  the 
Pvreneaii  chain,  taken  ieparalcly,  not  only  is  the  preponderance  of  seismic 
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action  in  the  winter  reveraed,  io  that  shocks  are  more  frequent  in  summer 
than  in  winter,  and  those  in  summer  and  spring  together  are  to  those  in 
autumn  and  winter  as  2  to  S,  but  the  observed  horizontal  direction  is  dif- 
ferent, being  most  usual  in  the  main  line  of  the  chain. 

If  this  be  so,  it  would  either  be  explicable  as  a  case  of  deflected  wave,  like 
that  already  mentioned  with  regard  to  the  general  north  and  south  line  in 
Great  Britain,  becoming  a  south-west  and  north-east  one  in  Scotland,  the  angle 
of  deflection  in  the  present  instance  being  small ;  or  it  would  indicate  that 
some  of  the  shocks  of  the  Pyrenees  have  connexion  with  the  Mediterranean 
seismic  region. 

Spain,  including  Portugal,  in  its  external  configuration,  with  its  vast 
table-land  of  the  two  Castiles,  rising  nearly  2000  feet  above  the  sea,  is 
perhaps  the  most  interesting  portion  of  Europe,  not  only  in  this  respect, 
but  as  a  region  of  earthquake  disturbance,  where  the  energy  and  destroying 
power  of  this  agency  have  been  more  than  once  displayed  upon  the  most 
tremendous  scale. 

It  may  be  worth  while  to  place  here  the  tables  of  the  progression  of  the 
shocks  of  the  two  great  Lisbon  earthquakes  of  1755  and  1761,  as  collected 
by  Milne  (Edinburgh  Phil.  Journ.  vol.  xxxi.)  from  various  sources, 
although  the  chief  result  has  been  already  discussed  in  the  Second  Report. 
The  time  given  in  the  Tables  is  reduced  to  Lisbon  time ;  the  distances  in 
degrees  of  seventy  miles  English  each. 


Progressive  rate  of  the  shock,  Lisbon  earthquake  of  1st  November,  1755. 
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20 
32 
38 
40 
60 
64 
79 
67 
35 
43 
79 
140 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Observations. 


At  sea. 

Portugal. 
Spain. 


Madeira. 


[certain.) 
Derbyshire  (not 
Uncertain. 


Uncertain. 


Much  uncertainty  attends  many  of  the  statements  as  to  time;  and  at 
several  localities  there  is  evidence  that  the  shocks  arrived  much  more 
rapidly  than  at  others,  in  relation  to  distance.  Thus  at  Cork  two  shocks 
were  felt  at  S>»  SS". 

The  longitudes  are  from  the  meridian  of  Greenwich, 
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PrognsNvente  of  tbeibock,  Lisbon  earthquake  of  31  it  March,  1761. 


Looiiir. 

observed 
of  shock. 

DitUnee 

from 
presumed 

impulse  10 

Observstian). 

PtMumed    fociu,    lat.   <r, 

b      m 
11     SI 

11    as 

11  54 

U    51 

U     5S 

la^^ 

12  n 

C 11     40  I 

ind 
Il2    40) 
f    1     15  1 

>nd 
1    1    43J 

0  30 

1  4a 

■1    30 

3  30 

4  30 

10  0 
9    30 

11  0 
15     IS 

m      s 

1        0 

3      0 
«      0 

7      0 
9      0 
15      0 
20      0 

r2o    01 

Md 

L«9      0 

(U      0 

««1 

llH    Oj 

Uncettuu. 
Uncenun. 

Ship  >c  le*,  in  Ut.  43%  not 
man;  leigura  from  coBst  of 

Ship  in  lit.  ^■'.Bnd  .boat  BO 

Ship  Ut.  44°  S',  uid  80 
l«ga«t  W.N.W.  of  Cipe 

The  great  sea-wave  of  the  shock  of  1755  appears,  from  the  recorde«l 
periods  of  arrival,  to  have  travelled  from  its  puiot  of  origin  to  the  following 
placrs  at  the  rates  given  in  miles  English  per  minute,  according  to  Milne  , 
assumiijg  the  transit  rate  UDiform  for  the  whule  range  of  translation,  which, 
however,  is  not  possible  : — 

Plymouth 2"1  miles  per  minute. 

Kinrale S'T  „ 

.Mount's  Bay    27 

Cadiz    3-6 

Funcbal    3'7  „ 

Ayamento SO  ■■ 

Lisbon 5'5  ., 

Antigua     6-0  „ 

Barbatloes    7'3  „ 

and  that  of  the  shocli  of  1761,  as  follows  :— 

Scilly  Isles  and  Mount's  Bay ....    2-0  miles  per  minule. 

Dublin 2-1 

Kihsale 27 

Barbadoes     7-4 

I  ]i]ace  these  results  of  Milne's  discussions  of  the  imperfect  materials  ai 
his  command,  rather  for  cooveaience  of  reference  to  future  invesligators 
than   as  attaching  much    value  to  them  beyond  rude  and  provisional  ap< 

*  Far  the  same  reasoiii  I  triDicribc  the  fjlloning  notice,  whicli  has  appeared  whUe  lbe» 
sheets  have  been  printing: — 

"  Direction  and  x-elocity  of  the  earthquake  in  CalKumia  of  thcSlh  and  9l1i  January  185! 
Ry  Dr.  John  B.  Truk."     Silliman'i  Journal,  Jan.  1B58.  vol.  ii>.  p.  HO. 

"  The  precise  lime  of  one  of  the  >hocki  vru  obtained  n-iih  loleralile  iccuraer  for  fit 
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We  proceed  now  to  Fr&oce,  Belgiam,  and  Holland,  the  limits  of  which 
Ferre;  fixea  somewhat  arbitnrilj,  u  bounded  od  the  south  bj  the  Medi- 
terraoean  and  hy  Spain,  on  the  west  and  north  by  the  Atlantic  and  Northern 
Oceana,  aa  fiur  as  the  Zujder  Zee,  on  the  east  t^  the  Rhine  and  Alp^,  but 
comprising  within  it  Geneva,  in  the  basin  of  the  Rhone,  and  Baale,  Manheim, 
Prankfort-on-the-Main,  and  some  other  cities  close  to  the  right  bank  and  in 
the  basin  of  the  Rhine. 


Table 

VII.— 

Earthquake. 

CcDtDi;. 

Earthquakes  with  date  of  Da;  or  Month. 
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1    1 
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XVI 
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5 

2    : 

■f 

5 

3 

61 
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Ih 

H 
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:- 

8      > 

11 

fi 

91 

XVIU.  .. 

7fi 

?( 

11 

■/h 

11 

IS  t; 

15 

\i  w 

7\ 

I 

237 

XIX 

•a 

1/ 

21 

13 

13 

S    15 

21 

■lb 

I 

1 

211 

TWBl.... 

83 

64 

53 

55 

42 

36.  <7 

40 

SOI  48 

60 

9 

2 

35 

702 

Winlcr 

Spring        Sutdinet   1    Autumn 

200. 

133.              137.              ISG. 

localitiM  caitward  <A  San  Frandaeo,  the  greateat  cm 
and  the  lesat  0*  22".  The  time,  being  all  reduced  t< 
lowing  leiiiltt : — 


L^y. 

Lat. 

LOBB. 

Hmeofahock. 

BUpied 

time. 

Velocity 
per  loin. 

SanFnndKM    

37    48 
3B    89 
37    63 
8S    00 
39    49 

122    95 
181     93 
191     34 
118    48 
117    13 

h.    m.     *. 
8     13    80 
8    90    00 
8    93    00 
8    46    00 
8    60    00 

0'   06 
7    30 
9    30 
32    SO 
36    80 

mileg. 
00 
6-8 
6-6 
6-0 
7-0 

or,  for  the  average  of  the  Bts  obacmtion*,  6*2  miles  per  minute,  or  645-6  feet  per  second. 
The  anthor  uji,  this  cloaelj  approximates  to  Prof,  Bache'i  retails  as  to  the  rate  of  the 
earthquake  at  Umods  on  23rd  December  1864  (Amer.  Au.  for  Adnncement  of  Sdence,  for 
that  rear)  t  bnt  ke  appears  here  to  coDfonnd  rate  <tf  iea.wave  with  that  of  eaith-waie  or 
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And  for  the  two  months  at  each  critical  period  of  the  year — 

Dec.  and  Jan.,        Winter  Solstice 

Junt^  and  July,      Summer  ditto     

Marth  and  Ai^ril,  Spring  Equinox 

Sept.  and  Oct..      Autumnal  ditto 

As  respects  tiorizontal  direction,  the  relative  nuniben  are, — 

N.      to  S I-SO 

N.E.  „  S.W 


S.E. 


,  W. 
,  N.W.  . 

.  N. 


0-+9 


S.W.  „  N.E 0*96 

W.     „  E 0-91 

N.W.„  S.E     0£9 

which,  by  Perrey's  method  of  calculation,  given  for  the  meaa  genemi  hori<    . 

zontal  direction, —  >M 

N.  71"  27'  E.  to  8.  71°  27'  W.  J 

To  this  he  not  only,  in  the  case  of  France,  confesses  that  he  does  not 

attach  much  weight,  but  aUo  states  that  each  century  will  nut  give  the  name 

The  actually  observed  districts  of  shock  have  been  mainly  along  the 
lines  of  the  valleys  of  the  Kbine  and  Itlione,  and  in  an  inferior  degree  along 
those  of  the  Loire,  Seine,  Garonne,  and  Meuse  (the  Pyrenees  being 
viewed  as  part  of  the  Spanish  region),  the  tendency  being  to  a  direction  id 
length  of  the  valley,  others  across  these.  When  the  physical  and  geological 
features  of  France  and  the  Rhine  batiin  are  recalled,  it  can  scarcely  be 
doubted  that  they  constitute  a  natural  independent  seinmic  region,  with 
centre:}  of  disturbance  connected  probably  at  great  depths  with  the  extinct 
volcanic  countries  of  central  France  and  of  the  Hhine.  The  almost  continual 
slight  disturbances  of  St.  Maurienne,  lasting  for  more  than  tifteen  months  at 
fine  time,  appear  quite  analogous  to  those  of  Comric  and  East  Iladdam.  For 
the  specialities  of  these  and  other  questions  of  the  French  system,  however, 
the  memoir  itself  of  Perrey  must  be  consulted. 

The  basin  of  the  Rhone  has  been  consigned  to  a  separate  memoir.  The 
precise  limits  assigned  to  the  district  are  not  stated;  but  we  must  assume 
them  to  extend  somewhat  vaguely  beyond  the  actual  catchment  of  the 
river.     The  results  are  given  in 


Table  VIII.- 

-  Earth  quakei 

of  the  Basin  of  the  Rhone. 

Cciltury. 
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presenting  conaidenble  aimilarity  to  the  reaulta  Tor  France  as  a  whole. 
The  following  are  the  proportional  numberi  for  the  months: — 


1 

6 

1 

1 

} 

i 

1 

1 

1 

! 

1 
s 

1 

1 

IG9 

1-31 

1-06 

...[..„ 

071 

O'sg 

0-59 

'■" 

0-98 

0-92 

Or,  for  Winter    VSB 

„      Spring 069 

„      Summer 0"81 

„      Autumn 1-16 

and  for  the  two  months  each  of 

Winter  Solstice   1-53 

Spring  Equinox 0-8I 

Summer  Solstice 0^1 

Autumn  Equinox    1*05 

aud  a*  to  direction,  following  his  usual  method,  Perrey  arrives  at  a  mean 
general  horizontal  resultant, — 

S.  9°  4*'  W.  to  N.  9°  44'  E. 

This  is  not  far  from  the  general  line  of  the  course  of  the  Ixiwer  Rhone ; 

hut  Perre;  remarks  that  numerous  examples  occur  of  shocks  whose  alleged 

horizontal   movements  were   orthogonal   to  the   river-valley,   and   to   the 

meridian. 

We  pass  on  to  the  basin  of  the  Rhine,  whicht  in  its  entire  extent,  com- 
prehends, iu  fact,  a  large  portion  of  Switzerland,  but  whose  precise  limita 
Perrey  does  not  define. 

Table  IX. — Earthquakes  of  the  Basin  of  the  Rhine  and  Switzeriaod. 
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The  autuuin  and  winter  tagellier  bere  present  a  nuiuber,  iiaviug  nearly 
.he  Eame  ratio  to  that  of  gpriiig  and  gumnier  together,  as  3  : 2. 
And  at  ttie  critical  periods  ol'  the  year,  of  two  nionihs  ench,  we  have 

Winter  Solstice    133 

Spring  Equinox    81 

Summer  Solstice 6-S 

Autumnal  Equinox 72 

while,  as  rispcct^  horizontal  direction, 

S.      to  N. 0-78 

N.E  „  S.W.    0-*4. 

1-33 


S.E.  „  N.W. 
S.     „  N.      , 

S.W.,.  N.E. 


il-OO 


I  berore-given  priuciples,  a  ii 
S.  7=  9'  E.  (o  N.  T  9'  W. 


1  general  horizontal 


which  corresponds  pretty  well  with  the  general  directioa  of  the  river  valley. 
Observation,  however,  indicates,  in  most  of  the  localities  upon  its  banks, 
frequent  and  wide  occasional  departures  from  such  direction ;  and,  indeed, 
in  the  broken  countr)-  forming  a  large  portion  of  its  length  it  is  improbable 
it  should  be  otherwise. 

The  basin  of  the  Dunube. — This  vast  tract  of  country  has  been  left  very 
ill-delined  as  to  its  limits  by  Perrey,  as  respects  the  subject  of  his  research, 
flis  catalogue  shows  that  be  does  not  limit  himself  precisely  to  the  catcli- 
ment  of  this  mightiest  of  European  rivers,  but,  in  fact,  includes  sumethiug 
like  the  whole  of  that  vast  tract  of  country  between  a  line  on  the  north, 
reaching  from  Prague  to  Kherson ;  and  on  the  south,  from  Venice  to  Con- 
stantinople, and  even  occasionally  stretching  beyond  these  limits. 

Table  X. — Earthquakes  of  the  Basin  of  the  Danube. 
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great,  it  is  very  small  in  proportion  to  the  enormous  area  embraced — nearly 
ten  times  that  of  the  basin  of  the  Rhone  ;  and  he  justly  concludes,  that, 
were  it  not  for  the  penury  of  records  in  those  regions,  so  much  of  which 
is  semibarbarous  or  thinly  inhabited,  the  total  number  in  it  would  be  far 
greater  than  he  gives.  While  the  general  character  of  shocks  here  is  not 
that  of  great  intensity,  instances  are  to  be  found  of  some,  of  disastrous  power. 
The  relative  numbers  are  for 

Winter  Solstice 1-33 

Spring  Equinox 0*70 

Summer  Solstice 1*05 

Autumnal  Equinox 0*91 

and  as  respects  horizontal  direction,  the  results  are,^ 

N.       toS 1-33 

N.E.    „  S.W 0-50 

E.        „  W 1-33 

S.E.    „  N.W 0-50 

S.        „  N M7 

S.W.  „  N.E 1-00 

W.      „  E 1-33 

N.W.  „  S.E 0-85 

from  which  Perrey  obtains  a  mean  general  horizontal  direction  of 

W.  2^  39'  N.  to  E.  2^  39'  S. 

This  is  again  very  much  the  line  of  the  Lower  Danube  itself,  which,  how- 
ever, over  so  vast  an  area,  and  fed  by  vast  rivers  poured  into  it  on  the 
northern  side  between  great  flanking  ranges  passing  more  or  less  north  and 
south,  can  in  reality  exercise  little  or  no  influence ;  and  too  much  stress 
must  not  be  laid  upon  any  observation  as  to  line  of  direction,  even  when  the 
azimuth  surface  may  be  reliable.  This  applies  to  every  earthquake  country ; 
uninstructed  observers  are  very  liable  to  mistake  the  direction  of  movement, 
by  confounding  the  direct  eflTects  of  the  shock  with  those  due  to  inertia  of 
bodies  moved.  In  the  Danube  basin,  it  must  at  present  remain  undecided 
whereabouts  the  centre  or  centres  of  disturbance  proper  to  the  region  are 
to  be  found.  On  the  north,  the  Carpathians  probably  are  above  the  centre 
for  those  whose  horizontal  direction  is  more  or  less  north  and  south ;  but 
whether  the  shocks  from  east  to  west,  and  veering  towards  the  north  or 
occasionally  to  the  south,  have  their  origin  in  the  Caucasus,  or  beneath  the 
eastern  extremity  of  the  Euxine,  or  are  also  in  connexion  with  the  great 
seismic  energies  that  so  powerfully  and  frequently  display  themselves  in 
Syria  and  the  south-east,  indeed  all  over  Asia  Minor,  yet  requires  to  be 
investigated. 

In  the  region  of  the  Italian  Peninsula,  Perrey  includes  the  whole  of  Italy 
and  the  mass  of  the  Alps,  exclusive  of  Savoy  (which  is  included  in  the 
basin  of  the  Rhone),  with  Sicily,  Malta,  Sardinia,  &c^  reaching  into  the 
centre  of  the  Mediterranean  Sea ;  and,  on  the  north,  all  the  localities  whose 
watersheds  are  not  into  the  Rhone,  Rhine,  or  Danube.  For  the  con- 
ventional limits  which  Perrey  has  fixed  for  himself  in  deciding  upon  the 
isolation  in  point  of  time  of  each  distinct  earthquake,  often  in  this  region 
continuing  for  many  days  with  little  interruption,  the  memoir  itself  must  be 
consulted. 
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M.  Perrey,  having  oblained  aecesn  to  tbe  work 
documents,  produced  a  supplement  to  tItU  memoir: 


of  Muratori  and  oilier 
llie  result  of  which  he 
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ON  THE  FACTS  AND  THEORY  OF  EARTHQUAKE  PHENOMENA.    I? 

In  the  first  of  these,  the  winter  and  spriog  earthquakea  together  ure  to 
the  summer  and  auturoa  together 

as  6  :  5. 
lu  the  mpplemental  table  taken  aloDP,  huwerer,  the  winter  season  has  lost 
its  preponderance,  and  autumn  shows  the  Rma1le«t  number. 

The  number  in  winter  and  autumn  together,  however,  stiil  slightly  ex- 
ceeds  that  Tor  xprin^;  and  summer,  in  the  ratio  of  9  :  8. 

While  this  shows  the  usual  doubtfulness  of  generaliiatiuns  from  partial  data, 
the  result  rather  lends  to  awaken  increaseil  attention  to  the  very  prevalent 
excess  of  seismic  action  in  the  winter  half-year,  shown  bj  io  many  cata- 
logues, and  here  sustained,  though  by  a  sapplement,  that,  taken  alone,  eom»' 
what  departs  from  the  principle. 
As  regards  direction,  he  finds 

N.       to  S.       0-82 

N.E.    „  S.W 1-08 

E.        „  W 1-94 

S.E.     „  N.W 1-29 

S.        „  N 1-29 

S.W.    „  N.E. O-W 

W.       „  E 0^1 

N.W.  „  S.E 0-28 

and  the  mean  general  horizontal  direction  of  resultant 
S.  72°  27'  E.  to  N.  72°  27'  W. 
Observation  by  no  means  accords  with  any  such  general  mean  direction.  It 
has  repeatedly  indicated  movements  in  Italy  and  Sicily  in  every  azimuth— 
perhaps  with  some  greater  prevalence  of  those  from  north  ti'  south,  and  the 
reverse ;  but  the  fact  appears  to  be  that  these  regions  have  their  centre  of  dis- 
turbance almost  directly  beneath,  and  hence,  as  is  the  case  in  South  America, 
and  the  Moluccas,  Philippines  and  Sunda  Islands,  the  emergence  of  the  wave 
generally  makes  an  extremely  large  angle  with  the  horizon ;  and  the  horizontal 
component  is  ill-suited  to  easy  observation.  The  most  fearful  earthquakea 
with  which  this  region  has  been  visited,  and  whose  force  has  reached 
France,  Germany,  Holland,  and  England,  and  into  Africa,  are  said  to  have 
had  a  point  within  their  immediate  ciucture  where  the  shock  was  absolutely 
vertical,  as  in  the  Riobambe  earthquake  recorded  by  Humboldt. 

The  memoir  of  Perrey  "in  Algiers  and  Northern  Africa  is  brief;  and  he 
laments  that  the  want  of  information,  and  of  access  to  sourceii  of  it  nut 
attainable,  prevented  his  collecting  a  sufficient  number  to  found  any  ge- 
neralization upon.     The  following  results  alone  he  is  able  to  tabulate : — 

Table  XIII.— Earthquakes  of  Algeria  and  Northern  Africa. 
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Tbe  want  of  fiirtln-r  liif'toric  intbrmatiuii  upon  (his  region  is  niiicli  to  be 
regretttnl.  It  )ia»  Itet'ii,  ^iricc  atiythiiig  bat  been  recorUiil  ot  it,  kaowri  as 
subject  lo  eariliquakcs.  CiliP*,  \he  ^il(•sof  binhopric?  iti  ihe  ancient  Christian 
churcl)  of  Africa,  were  thus  dciiiolii'iieil,  and  now  aslonisb  tbe  travctlcr 
amidst  rocky  solitudes  by  acres  ol'  htwn  >-tori>^  on  the  site:*  of  prostrate 
edifices  that  mark  tbe  past  magnificence  of  Carthnginian  and  Roman  rule. 
And  at  the  present  day,  earthquakes  are  frequent  and  eeriou^,  as  the  many 
edifices  erected  by  the  French  since  they  bave  been  in  poaaesBion  of  Algeria, 
and  since  thrown  down,  demonstrate. 

Whether,  as  a  seismic  region.  Northern  Africa  have  a  centre  of  dis- 
turbance of  it*  own,  and  if  so,  whether  this  enists  dee|)  wiibln  the  lillle- 
knonn  recesses  of  the  Atlas  chain,  or  beneath  tbe  southern  ver^e  of  the  Me- 
diterranean basin,  or  whether  its  disturbances  are  only  derivative,  and  liave 
their  centre  either  in  tlie  volcanic  region  of  the  Canaries  or  aniDngst  the 
towering  peaks  of  Abyssinia,  all  yet  remains  to  be  dircovered.  No  infor- 
mation worthy  of  any  conHilence  has  reached  ine  as  to  the  general  horizon- 
IbI  direction  nf  shocks  in  this  region.  How  mnch  to  be  desired  is  it,  that 
the  government  of  the  Empemr  of  the  French  v 
scopic  observations  in  tlieir  African  possessions  I 

The  last  of  Perrey's   European  series  now  com 
following  table  he  has  given  the  rcBiilts  foi  — 
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This  vast  region  embracs  the  Tureo-Greek  peninsula,  from  Trieste  to 
Constantinople  s.uilhwurd  of  the  Balkan  range,  ihe  Greek  Archipelago  a:i<j 
Asia  Minor  to  Bagdad,  with  a  portion  of  Syria  and  the  Levant. 

Pcrri-y  remarks,  thnt  the  nnniher  of  fact*  he  has  been  able  to  collect  are 
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fewer  than  the  known  seismic  character  of  the  region  warrants,  and  rightly 
attributes  this  to  want  of  record,  and  to  the  want  of  cotuniunieation  in  these 
parts  of  the  world.  He  also  remarks  (what  has  been  pointed  out  in  the  Second 
Report  as  applying  to  Antiocli,  &c.)  that  here  seismic  energy  appears  to  have 
been  in  various  localities  extremely  paroxysmal  in  its  action,  with  long  periods 
of  intermediate  cessation.  In  the  Turco-Greek  peninsula,  earthquakes  have 
long  been  both  frequent  and  formidable. 

For  the  four  critical  periods  of  the  year  he  finds 

Winter  Solstice 73 

Spring  Equinox 61 

Summer  Solstice    70 

Autumnal  Equinox    74 

Pouqueville  (*  Voyage  en  Grdce')  has  given  some  very  singular  facts  and 
speculations  as  to  the  time  of  year  of  earthquakes  in  Epirus,  &c.,  in  re- 
lation to  the  rains.     They  need  inquiry  and  confirmation. 

In  analysing  the  horizontal  direction  of  shock,  Perrey  has  deemed  it 
proper  to  separate  the  region  under  three  sub-districts,  in  consequence  of 
the  broken  character  of  the  Greek  peninsula,  and  the  very  diverse  orienUUion 
of  the  coasts,  river-courses,  and  mountain-ranges  throughout  all  its  parts. 
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These  figures  are  meagre  enough.    By  the  usual  method,  Perrey  calculates 
a  mean  general  horizontal  direction  of  shock, 

N.  34^  37'  W.  to  S.  34^  37'  E. 

The  deduction,  however,  is  plainly  in  this  instance  of  little  value.  Many 
shocks  in  this  region  have  been  described  as  approximating  to  vertical ;  and 
this  is  to  be  anticipated  from  one  having  a  centre  of  disturbance  almost  In 
its  midst  with  active  volcanic  action.  Ail  its  eastern  end,  Syria,  &c.,  how- 
ever, has  some  separate  centre  of  disturbance,  either  in  connexion  with  the 
eastern  chains  of  Asia  Minor,  which  appear  to  abound  in  igneous  forma- 
tions or  with  the  Southern  Arabian  centre ;  while  Constantinople,  the  Dar- 
danelles, and  the  western  and  southern  shores  of  the  Euxine  may  also  be  in 
connexion  with  the  Caucasian  centre  of  action. 

We  have  now  completed  Perrey's  European  series.  He  passes  to  the 
American  by  the  discussion  of  the  basin  of  the  Atlantic,  viewed  as  com- 
prehending all  from  Iceland  on  the  north  to  Tristan  d'Acunha  on  the  south, 
and  on  the  east  and  west  everything  between  the  shores  of  the  continents  of 
tbe'New  and  Old  Worlds. 

Within  this  oceanic  expanse  no  less  than  five  great  and  probably  con- 
nected centres  of  volcanic  action  exist:  Iceland,  the  Azores,  the  Canaries* 


4 


*  Induding  once  for  Aleppo. 
X  Induding  onoe  for  Thataii. 


t  Including  onoe  for  Lattkii. 
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the  Cape  de  Verds.  the  West  India  Islands,  and  tite  great  submarine  volcanic 
region  first  noticed  bj  M.  Dautsy,  besides  manj  oilier  iioinis,  as  AscenaioD, 
St.  Helena,  St.  Paul'ii,  Stc,  at  which  extinct  volcanic  plienomena  are  visible. 
The  number  of  observations,  however,  aa  yet  recorded  ol'  earl hquake-a! locks 
within  the  basin  is  so  very  small,  that  Perrey  has  been  only  able  to  collect  from 
130  to  140  instances  between  the  years  HSO  and  1817,  or  about  three  a 
year  on  the  average ;  so  that  he  does  not  deem  the  basis  large  enough  to 
warrant  any  numerical  discussion.  The  observations  of  M.  Daussy,  "Sur 
Texistence  probable  d'un  volcan  sausmann  situ6  par  environ  0°  20'  de  laL 
S.  et  22°  o'  de  Ion.  ouesl,"  poblislied  in  vol.  vi.  p.  512.  'Comptes  Rendua 
dc  I'Academie*  (185M),  have,  however,  made  Ibis  one  uf  the  most  interesting 
seismic  regions  on  the  globe. 

M.  Moreau  de  Jonn^s  ('  Comples  Ri-ndus.'  vol.  vi.  p.  302)  has  pveo  two 
recorded  observations  on  board  French  ships,  the  '  t'wsar'  and  (he  '  Syl- 
pbide,'  which  render  (he  existence  of  a  submarine  vnlcauic  tract  on  the  bank 
of  Bahama  highly  probable;  but  M.  Dnussy  has  collected  and  given  obser- 
vations of  shocks  received  by  vessels  at  sea  at  various  periods,  but  dl  within 
a  given  limited  area,  which  renders  the  existence  almost  certain  of  a  vast 
active  volcanic  suboceanic  area  in  the  basin  of  the  Atlantic,  nearly  midway 
between  Cape  Pslmas  on  the  west  coa>t  of  Af'ica,  and  Cape  St.  Roque  on 
iheeastcoast  of  South  America,  or  in  the  narrowest  part  of  the  ocean  between 
these  continents.  This  vast  disturbed  and  perhaps  partially  igneous  ocean- 
floor  can  be  no  less  than  nine  degrees  in  lingth  from  west  to  east,  and  from 
three  to  four  degrees  in  breadth  from  north  to  south.  The  lollowing  are  the 
observations  given  by  Daussy ;  and  the  relative  positions  of  the  several 
recording  ships  are  given  in  the  diagram  (fig.  A.) : — 

17tli  Oct.  1747.— Theship'Le  Prince,' Bobriant:  Iwoshocks.  Lat.  I "  35' S. ; 
long.  20°  10'  VV. 

5th  Feb.  1754. — The  ship  ■  Sdhouette,'  Pintauh  one  shock,  with  trembling. 
Lai.  0°  20'  S. :  long.  23"  10"  W. 

13th  April  1758. — The  frigate  'Fiddle,'  Lehoux :  several  shocks.  Lat. 
0°20'  S.;  long.  23°  10' W. 

3rd  May  1761. — The  ship  '  Le  Vaillant,'  Bouvet:  saw  an  islet  of  saud  above 
water,  in  lat.  0°  23'  S.  and  long.  21°  30'  W. 

3rd  Oct.  1771.— The  frigate  '  Le  Pacifique,"  Bonfil :  one  shock  and  trem- 
bling. Lat.  0°  42'  S.,  and  long,  by  estimation,  22°  47'  W.  An  agi- 
tated sea,  and  no  bottom  found  on  sounding. 

19th  May  1806.— M.  de  Krusenstem  (ship^  name  not  given).  Lat.  2°  43'  S., 
and  lone.  22° 55'  W.  Saw  columns  uf  smoke  twelve  or  fifteen  mile* 
to  the  N.N.W.,  which  he  and  Dr.  Horner  attributed  to  volcanic  sub- 
marine eruption. 

18ih  Dec.  1816— The  ship  'The  Triton,'  Proudfoot:  in  laL0°23'S.,  and 
long.  20°  6'  W.,  passed  over  a  shoal  of  about  three  miles  from  east  to 
west,  and  one  mile  from  north  to  south.  Twenty-six  fathoms  water, 
with  bottom  of  brown  sand. 

12tli  April  1831 — The  ship  'Eagle,'  J.  Taylor:  in  lat.  0°  22' S..  and  long. 
'23°  27'  W.,  the  sea  being  perfectly  calm;  one  violent  shock;  the  rudder 
was  powerfully  shaken,  and  a  muffled  sound  was  he.trd  from  beneath. 

Nov.  IS-!?.— The  sl.ip  'L,i  Seine.'   Le  Maire:  in  lat.  0° 22'  S..  and 

long.  2|°  15'  VV.      Under  easy  sail;  one  powerful  shock. 

9lli  Feb.  18.35 The  barque  '  The  Crown,' of  Liverpool  (eaplaiu's  name  not 

given) :  lat.  0°  57'  S.,  and  long.  25°  39'  W.  When  going  sis  knots, 
was  thought  suddenly  to  have  struck  on  a  coral  rock  and  to  have 
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gratei]  over  it;  bot  on  Bounding  directlf  after,  found  ISB  Ttttlionis 

2»lti  Jan.1836.— Tlteship  'Pliibntrope  de  Bordeaus,'  Jayer;  inlBt.0''40'S., 
and  long.  252°  30'  W.     Violent  ]>iiock  and  trembling  for  three  minutes. 

ISth  &  16th  M&rcli  1836 — The  Am<>r{can  ahip  '  St.  Paul,'  of  S:  Inn  (captain's 
naim-  not  given),  being  ten  tnilea  tu  the  we:it  of  the  '  Phikanlrope,' 
pereeived  the  same  shock. 

in  1836  Caplaiii  Fergusson,  of  the  ship  '  Henry  Tanrier,'  presented  to 

the  Royal  Asiatic  Society  of  Bengal,  through  F.  L.  Huntley,  Es(|,, 
volcanic  ashes  or  cinders,  like  black  pumice,  wliich  he  had  found  on 
the  surface  nf  the  sea  when  much  agitated,  in  let.  U"  35'  S.  and  long. 
18°  10'  W. 

In  a  previous  voyage  Captain  Fergu«son,  in  lat.  1°  95'  S.  and  lonj;. 

2.S°  fi'  W.,  was  alarmed  by  a  violent  shuck,  accompanied  by  a  great 
uoise,  as  if  he  had  struck  upon  a  rock,  but  could  tind  no  bottom  on 
sounding. 

Some  other  instances  are  xaid  to  be  found  in  the  'Sailing  Inntructions  for 
the  Azores'  liy  Tofino,  translated  by  M.  Urvol  de  PurtBarapare,  in  the 
'  Annales  Maritiines  de  France,'  which  1  have  not  been  able  to  consult.  We 
possess  enough,  however,  to  indicate  that  a  siibmnrine  vulcanic  tract  is  in 
activity  beneath  the  Atlantic,  as  large  in  area  as  Great  Britain,  and  that  the 
bottom  of  the  ocean  rhere  is  rendered  uneven  in  the  extreme,  immense 
protrusions  taking  place  in  deep  water.  How  desirable  would  it  be  that 
some  British  ships  were  commissioned  to  examine  this  tract  more  perfectly, 
especiaily  to  obtain  accurate  soundings  and  sectional  linei  of  the  bottom 
from  east  to  west  and  from  north  to  south,  and,  it'  possible,  to  obtain,  by 
dredging  or  otherwise,  good  specimens  of  the  material  of  the  bottom,  and 
aUo  ob:-ervations  of  the  temperature  of  the  sea  at  vsriou.-i  de]iths  ! 

Our  knowledge  of  the  distinu'uLshing  marks  of  siiboreanic  and  subaerial 
volcanic  ejecta,  of  the  chemical  reactions  producing  mineral  specie^  under 
the  conditions  (so  vaguely  understood  as  yet)  of  high  temperature  and  great 
pressure  in  presence  of  water,  might  receive  important  accessions,  if  such 
specimens  from  the  bottom  could  be  obtained  from  thence  (or  from  other 
similar  positions),  while  our  ideas  of  the  extent  to  which  local  ocean  cur- 
rents may  be  produced  and  maintained  by  the  local  heating  of  the  lieep  sea 
immediately  above  such  volcanic  tracts  might  im  enlarged,  and  other  trains 
of  future  research  suggested. 

Above  all,  how  forcibly  does  the  existence  (so  far  almost  unnoticed  and 
unknown)  of  this  vast  volcanic  and  seismic  submarine  region  indicate  the 
desirableness  of  having  henceforth  a  well-arranged  system  of  scientiKc  ob- 
servation and  mode  of  daily  entry  in  the  lop-book  made  part  of  the  duties 
of  ships  of  every  civilized  maritime  nation,  and  having  such  entries  referred 
tu  a  special  office  (with  us,  prolwbly,  in  connexion  witli  the  Admiralty  or 
with  a  revivified  Boar.l  <.t  Longitude)  for  extract,  recoid,  and  discussion! 
That  cerliiin  ehis-^t-s  of  observations  cuidd  not  be  made  on  board  our  ships 
at  present,  idthi'ii{;li  the  zeal  of  our  officers  of  the  navy  and  of  some  of  the 
mercantile  marine  uiit:!ii  be  counted  on,  is  certain  ;  hut  it  is  .-qually  so  that 
vi'ry  many  of  thf  hiuiLcst  value  to  cosmical  seieuci:  CDuld  be  made  and  re- 
corded, il  the  system  hiti'  once  ananged,  the  classe.-*  of  observation  deter- 
mined on,  properly  ruled  and  arranged  log-books  prepared,  and  the  making 
certain  observations  (to  be  determined  on  by  the  central  board  beforehand 
in  each  instance)  made  matter  of  duly.  Navigation  and  commerce  would 
;rain,  eventually,  quite  as  much  as,  by  the  small  sacrifice  of  time  and  labour. 
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the;  thus  gave  to  sciencp.  I  venture  respectfully  to  commeod  it  loouronu. 
to  the  American,  and  to  all  European  governments. 

In  his  memoir  on  the  Earthquakes  of  the  United  States  and  Canada, 
Perrey  may  h«  said  to  include  the  whole  nurthem  continent  of  America, 
with  the  exception  of  Mexico  and  Central  America,  to  which  he  has  de- 
voted another  memoir. 

The  two  following  tables,  XV.  and  XVI.,  give  the  results  of  his  discus- 
sion;— 
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Here  the  number  of  earthquakes  in  autumn  and  winter  are  to  those  of 
Buramer  and  spring  as  8S  to  49,  or  nearly  as  2  to  I ;  and  for  Perrey's  critical 
periods : — 

Winter  solstice SI 

Spring  equinox 18 

Summer  solstice     H 

Autumnal  equinox Ifi 

Perrey  wholly  disputes  the  verity  of  Humboldt's  conclusion  ('  Cosmos,'  t.  i. 
p.  519,  tnu).  p.  M.  Fays)  that  earthquakes  are  most  frequent  at  the  equi- 
noxes, and  declares  that  the  resulbt  of  all  his  memoirs  prove  the  contrary. 

He  discuSHes  from  his  catalt^ue  the  relative  number  of  shocks  in  each 
State  of  the  Union  ;  but  this  is  comparatively  of  less  importance  to  science 
than  to  social  liTe.  He  has  not  been  able  to  ascertain  the  northern  limit  of 
seismic  action,  but  sees  ground  to  believe  it  has  reached  Greenland  more 
than  once,  but  that  frequent  shocks  para  no  further  north  than  the  Ctmadas. 

The  only  records  with  direction  of  motion  given  are  twelve  in  nuniber, 

N.W.I0S.E 6 

W.       „  E 3 

N.E.   „  S.W. 2 

E.       „  W 1 

and  calculating,  upon  his  already  known  method,  the  mean  direction  from 
this  narrow  base,  he  finds  it 

N.  31°54'W.,  toS.3I°5*'E.; 
but  he  confeaaes  his  own  opinion,  derived  from  a  broad  view  of  all  the  facta 
and  the  topographic  character  of  the  country,  to  be,  that  the  prevailing 
direction  is  from  north  to  loulh,  or  the  contrary. 
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Tablk  XTl. — Eanhquakta  of  Mexico  and  Central  America.       ^H 
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)onent  of  motion.     The  prevailing  impression  in  Mexico  is  that 
]  ol'  »hock  is  parallel  to  the  chain  of  the  Cordilleras.    Some,  how- 
most  remurkable  shocks  have  apparently  moved  at  right  angles 
eding. 

The  truth  is,  in  a  wide  region  situated  dose  t<i.  and  no  doiiht  in  great  part 
close  above,  vast  centres  of  disturbance,  whose  pulses  reach  the  surface  gene- 
rally with  large  angles  to  the  horizon,  there  must  be  horizontal  coiuponents 
in  every  azimuth,  and  only  distinguishable  in  one  more  than  another,  as  the 
accidents  of  the  originating  blows,  of  the  heterogeneous  forniaiions  through 
which  they  are  transmitted,  and  the  opportunities  of  exactness  of  oWerva- 
tion,  &c.  vary. 

Perrey  concludes  this  memoir  with  a  riavmi  of  the  labours  of  Arago,  Von 
Buch  and  Berghaus,  on  the  volcanoes  of  Mexico  and  the  Andes. 

In  his  memoir  on  tlie  Antilles,  Perrey  includes  Cuba,  which  has  also  been 
the  subject  of  research  to  M.  Poey,  now  stationed  at  the  Observatory  of 
Havanna — with  Hispaniola,  Jamaica  and  Porto  Hieo  in  the  greater,  and  in 
the  lesser  isles  Antigua,  Barbadoe^,  St.  Christopher's,  Guadaloupe,  Mar- 
tinique, Granada,  Trinidad,  St.  Thomas,  Santa  Cruz,  Dominica,  Si.  Vin- 
cent, Tobagd,  and  St.  Lucia,  &.P.  In  discussing  the  copious  iiiateriols  at  his 
disposal  in  this  va>t  n^jion,  Perrey  has  found  it  nece^sa^y  ti>  adopt  certain 
conventional  liconet'S  with  reference  to  some  of  the  verv  prolonged  earth- 
quakes, who~e  slight  but  continuou-i  shocks  have  ot^en  (as  at  Conirie  and 
East  Uaddam)  lasted  for  a  great  length  of  time,  reckoning  each  month  of 
such  shocks  as  equivalent  to  one  great  earthquake. 

In  the  following  table,  XVII.,  he  has  given  the  distribution  in  time  : — 
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Tablk  XVII.— Earthquakes  of  the  Atitillea. 


Century. 

EuthqukM  »itb  date  of  Diy  or  Montli. 

Wilb  Seuon 
onlj.. 

Totil. 

1 

s 

5- 

1 

1 

1 
< 

S 

1 

Ij^ 

i 
1 

1 

■ 

1 

|l 

fl 

XVI 

1 

1 

XVII 

XVIII.    -. 

fi 

i 

; 

< 

I 

II 

! 

! 

l< 

5 

f 

13 

8G 

XIX 

u 

19 

18>  18 

10 

u 

lb 

li 

lU 

13 

ll! 

1 

S 

N5 

Total  -.- 

IS 

le 

S3 

17J  IS 

le 

30  as 

23 

30 

la 

15 

' 

35 

347 

Winter 

Spring 

Suninier 

Autumn 

£4 

65 

5Z 

Contrary  to  the  result  usual  for  Europe,  the  number  offlhocka  ia  summer 
here  seems  to  preponderate ;  and  in  the  critical  periods  we  have — 

Winter  eolstice     SO 

Spring  equinox     40 

Summer  solstice   36 

Autumnal  equinox 42 

or  for  autumn  and  winter  together  108;  spring  and  summer  114, —a  result 
equally  contrary  to  what  bos  been  Found  so  unirormly  for  Europe,  and  to 
the  prevalent  belief  of  the  inhabitaota  of  the  islands  themselves,  who  deem 
the  equinoxes  the  dangerous  times. 

Representing  by  unity  the  meao  degree  of  frequency,  and  by  12  the 
whole  number  of  earthquakes  given  with  date  of  month,  we  Hud  for  each 
month  the  following  proportional  number: — 
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As  regards  horizontal  direction  of  shock,  his  data  give — 

E.      to  W 9 

S.       „    N 5 

N.      ..    S 3 

W.     „    E 2 

N.E.  „    S.W 2 

from  which,  by  his  usual  method,  he  deduces  a  mean  horizontal  direction — 

E.  22°  5'  S.  to  W.  22°  S'  N. ; 
and  it  is  worthy  of  remark,  that  Deville  gives,  as  greatly  disturbed  in  1 813, 
the  zone  running  parallel  to  the  great  circle  of  W.  35°  N.  to  E.  35°  S., 


1858. 


r  E.  35'=  S.  to  W.  35"  N., 


aiiuut  (larallel  alxo  lo  Penny'*  mean 
■  forgolien,  however,  lliat.  in  1812  and  in  18*3, 
bIjocIls  were  oliserved  ot  rij;lil  angles  to  rbis,  and  in  some  cases,  as  in  1770, 
io  all  azimuths  ;  and  also  thai  the  jirevalciit  opiuioD  of  Che  inhabitant*  of  the 
Wi'itt  Indian  iHlands  ia,  that  they  have  a  general  north  and  south  horizontal 
direction,  thus  coming  within  the  ucope  of  the  general  direction  of  eimilftr 
phenomena  on  the  northern  and  souiheru  continent?  of  America. 

M.  Ptiey,  of  the  Observatory,  Havanua,  hag  publiished,  in  the  '  Nuuvelles 
Annales  des  Voyages'  lor  1855,  a  memoir  and  iupplenient  upon  the  earth- 
(juakea  of  Cuba,  separately,  with  copies  of  which  he  lia«  obligingly  fur- 
nished nie.  It  would  be  out  of  plac«  in  this  Report  lu  discuss  M.  Poey's 
views  as  to  the  connexion  between  cycloni-s,  or  other  iitornis,  and  earth- 
quakes, or  as  to  the  physical  cnusei  of  the  iitipuUe  producing  shocks.  As 
regards  the  first,  it  may,  however,  be  remarked  in  parsing,  (hat  violent  and 
sudden  local  change  of  barometer' pressure  must  (as  I  hnve  indicated  in  s 
former  report)  be  viewed  as  a.  posg^le  inducer  uf  such  reucl ions  beneath  ibn 
surface  as  may  possibly  result  in  earthquakes;  and  that  as  respects  th*-  part 
which  water,  under  heat  and  pressure,  inuy  play  in  iln  spheroidal  statCi  1 
have  also  indicated  fully  as  uiuch  us  the  present  state  ol  our  knonledge  will 
sustain.  As  respects  the  statistic  result*  of  M.  Poey's  labours,  they  are 
embraced  in  the  following  table,  which  comliines  the  facts  of  both  ii 
and  supplement: — 
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Cuba,  therefore,  appears  to  show  28  earthquakes  in  tlie  winter  and  autumn, 
and  23  only  in  the  Biiinmer  and  spring. 

The  surface  of  ihi«  single  island  is,  however,  perhaps  too  email  to  attach 
much  importance  to  its  isolated  discussion*. 

The  last  of  Peiiey's  monographic  nienioirs  is  that  on  Chili  and  La  Plata, 


i  llciioit 


13  l>ec! 


ing  iliruiigli  t 


have  reteived  from  M.  PMy  a 
Cij|py  of  liiB  lairr  and  more  ciiiborale  "  llimnolojital  Calalogn,!  nf  Earthqiialics  in  the  Wert 
liiilics.  from  15:111  lo  IHSr,  c,\1ractecl  from  'I'Aniuiaire  ile  In  Sotirit  Melcorologique  de  France,' 
lom.  V.  |i.  li,  Suaiicc  Ju  25  Msi,  1SS7,"  ind  rcj^rct  thai  llic  limits  of  a  foot.uole  preclude 
the  possiliilit.v  of  iinalysii  [>(  his  valualilc  memoir. 

(J(  a  total  uf  600  carllii|iiakcs,  he  fiuds  that  142  occurrcil  in  winter,  156  in  spring,  187 
in  sunimer.  ascl  \bt  in  aulniiui.— llius  so  (ar  CHrroljoratiiig  I'errej's  result  deduced  from 
a  smaller  liaae. 

A  very  coniiitetc  Si'iiniic  llibliography  for  the  Amities  concliideii  M.  Poey's  inemuiT. 
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or  the  region  lying  between  the  weslerD  i^lnpe  of  the  Andes  and  the  spa, 
from  the  25°  to  the  i-S°  south  latitude,  between  the  Desert  of  Atacama  on 
the  north,  aad  the  Archipelago  of  Chonos  on  the  south. 

The  following  table  conlains  his  numerical  results  for  a  region,  however, 
in   which   shocks  of  greater  or   less   iutengity   are  almost  of   daily   oc- 
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From  this  table  he  has  omitted  several  earthquakes,  whose  period  has 
been  prolonged  to  several  weeks  or  even  months,  by  a  convention  like  that 
adopted  here  with  regard  to  the  memoir  of  Comrie,  &c. 

A  table  of  eaitbquaket  noticed  as  occurring  in  Peru  from  a.u.  1810  to 
1885,  by  M.  Castelnau,  was  preBCiited  to  the  Academy  of  Sciences  in 
1847,  by  Arago('Coniptea  Rendu8,'2  Nov.  1847):  but  the  catalogue  itself  is 
not  K'ven,  and  I  am  not  aware  that  it  has  appeared  elsewhere. 

M.  Lambert,  mining  engineer  of  Chili,  in  a  memoir  on  the  causes  of 
earthquakes  in  Chili  and  Peru  ('Ann.  de  Chim.  et  de  Phjs./  t.  xlii. 
pp.  392-405),  published  in  1829,  mentions  that  the  Chilians  vulgarly 
divide  their  year  into  three  seasons  or  "  temporadas,"  and  that  one  of  these, 
the  firdt,  couipo<ed  of  January,  February,  March,  and  April,  is  called  "  tem- 
porada  de  los  treniblores,"  or  earthquake  season  ;  on  comparing  the  facts  of 
his  catalogue,  with  ihe  popular  belief  however,  Perrey  finds  the  Tacts  pal- 
pably contradict  it. 

As  to  the  prevalent  borizontal  direction  here,  Perrey  makes  no  attempt 
to  discus*  it,  contenting  himself  with  the  remark,  that  the  popular  belief 
is  univeriial  in  the  region,  that  it  follows  the  chain  of  the  Cordillera.  In  a 
country,  however,  having  so  little  of  iia  observed  surface  (h>r  the  great 
sandy  deserts  are  nearly  unknown  aa  respects  our  inquiry)  ot  a  level  cha- 
racter, with  a  general  seaward  iilope  from  the  great  eentral  axis,  and  with 
Ihe  origin  uf  diaturbance  so  closely  beneath,  that  many  of  the  most  for- 
midable earthquakes  have  emergeil  almost  vertically  over  considerable 
tractx,  the  attempt  to  fix  a  prevuiling  horizontal  direction  would  be 
nugatory. 

Finally,  we  come  to  the  two  last  of  Perrey's  memoirs  which  have  been 
referred  to — those  in  which  he  has  brought  under  one  view  many  of  the 
fact*  of  his  monographs,  and  graphically  discussed  tlie  results  in  tables 
for  all  Europe,  with  the  adjacent  parts  of  Africa  and  of  Asia,  and  for  the 
north  of  Europe  with  the  north  of  Asia,  viewed  as  one  great  boreal  band. 
The  results  of  the  former  are  given  in  the  following  Table  :— 


Table  XX. — R6sum6  of  the  Earthquakes  of  Europe,  and  of  Ibe  adjaceut 
pari*  of  Asia  and  of  Africa,  from  A.D.  306  to  18*3. 
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Autumn  aud  winter  still  preponderate  thus  for  entire  Europe.  As  regards 
the  "  critical  periods"  of  tbe  year,  the  results  are— 

For  XIX.  Centurj.  For  the  whole  period. 

Winter  solstice 177  253 

Spring  equinox I.-Jl  170 

Summer  solstice 129  150 

Autumnal  equinox     164  159 

and  for  the  half  year,  and  XIX.  century  only — 

Autumn  and  Winter 527 

Spring  and  Summer 394 

and  for  tbe  whole  period  of  nearly  15^  centuries — 

Autumn  and  Winter 1165 

Spring  and  Summer S57 

or  about  as  1  :  0"75. 

The  mean  annual  nunil>cr  of  earthquakes  in  Europe,  &c.,  deduced  from 
the  diita  of  the  len  years  between  1833-1842,  while  it  was  everywhere  at 
peace,  and  intelligence  well  conveyed,  I'errey  finds  to  be  nearly  33  per 
annum,  t  le  considei's  that  one-fifth  more  may  probably  have  occurred 
that  have  not  cume  to  his  knowledge,  to  tliat  the  mean  annual  number 
would  be  +0,  or  bt;tween  *  and  5  per  month. 

The  remainder  of  this  memoir  \a  occupied  with  remarks  upon  very  nu- 
merous and  inteiesting  secondary  phenomena,  recorded  of  the  earthqualtea 
referred  to  in  the  catal<)pue  discussed- 
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la  the  labt  memoir~that  in  which  Perrey  dbcuasen  the  earthquakes  of 
DortherD  Europe  and  Dorthem  Asia  together — he  expresves  with  some 
caution  his  own  belief  that  the  prepooderance  of  aeismic  pbcnoinetia  in  the 
wioter  half-year  above  the  »umiiier  half,  in  the  ratio  above  given,  is  worthy 
of  BcceptaDce  ad  an  empiric  hiw  for  Europe  at  least,  but  doubts  whether  it 
may  be  extended  to  the  other  hemisphere. 

The  geographical  limits  of  this  seismic  region  are  somewhat  arbitrary, 
reaching  from  the  Elbe  on  the  west  to  the  extremity  of  Kamt»chHtka  on 
the  east;  bounded  on  the  north,  in  Europe,  by  the  Baltic  and  White  Seas, 
but  in  Asia  reaching  to  the  Arctic  i^boreg ;  and  on  the  *outh,  in  Eiirnpe,  by 
a  great  circle  pasting  north  of  the  Carpathian  Mountains  to  the  Euxine,  the 
Caucasus  and  the  Caspian,  and  thence  by  the  Desert  of  Gobi  to  the  Sea  of 
Okhotsk — a.  vast  tract,  containing  many  important  mountain-chains,  though 
principally  distinguished,  as  Perrey  remarks,  by  its  immense  plains  and  low 
table-lands. 

The  eight  following  tables  give  not  only  his  numerical  results  for  this 
region,  but  a  general  comparative  view  of  the  numerical  results  of  nearly 
the  wholf  of  his  memoirs,  for  which  I  have  somewhat  extended  Kome  of  the 
tables,  and  changed  their  order  slightly. 
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Table  XX II.— Earthquakes  of  the  Northern  Zone  of  Asii 
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Tadlb  XXIII. — Cartliquakt's  of  the  Norilierii  Ziiiic  of  Europe  Biid  af 
A'iia  together. 
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E  XXIV — General  Result  aa  to  Mensuul  Relativ 

Elarth  quakes. 
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9  Relative  Frequency  in  Season. 


Region.              ,  Winter. 
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Table  XXVI. — Retult  a."  to  Relative  Frequency  at  the  EquinoieB  and 
Solstices. 
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Tablr  XXVII. — Reciilt  as  to  Relative  Directions  of  Horizont 
Component  of  Shock. 
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Table  XXVIII._ Result  as  to  Compsrative  General  Resultaot  HoriionUl 
Direction  and  Intensity. 
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There  remains  to  be  noticed,  of  M.  Perrey's  lalioiirs,  hi9  discussion  of  th 
periodicity  of  tUi:  earlliqimkes  of  hi^  annual  (-alalo^ues  for  lBi4r,  184£ 
1  Rib,  and  1817,  witlireCeriiiice  to  the  phases  uf  the  moon's  motions,  publishej 
in  'Mem.  de  I'Academie  dea  Sciences  de  Dijon,'  IMH,  184-9,  part,  de 
ScieiiceB,  p.  105,  &c.,  and  aUo  presented  to  the  Institute  of  Prance  at  . 
later  period. 

The  result  he  arrives  at,  as  respects  these  four  years,  is,  that  the  number  o 
earthquakes  ot»:urring  at  the  Perigeev  (when  the  tide*  are  ttigbest  an< 
lowest)  are,  to  (hose  oecurnng  at  the  Apogees,  as  47  :  S9. — a  cunolusioi 
which,  independently  of  the  assumptions  by  which  It  is  arrived  at,  rnusi  h 
as  yet  accepted  with  caution  upon  so  narrow  a  base  of  induction,  nlthougi 
possessing  more  than  enough  probability,  from  physical  ooiuideratioiu,  b 
induce  further  inquiry. 

The  Acjideray  of  Sciences  (Paris)  appointed  a  cnminisaion  lo  report  upoi 
M.  Perrey's  communication:  and  the  following  tran»'latiou  of  its  repor 
CComptes  Rendua."  torn,  xxxviii.  12  Juin.  1854)  will  give  a  tolerably  dea 
notion  of  his  views,  which  here  rest  upon  a  larger  base  than  in  hie  Memoi 
as  first  published : — 

"The  Academy  has  commiBsioned  us,  MM.  Liouville.Lam^,  and  myseir,  li 
draw  up  a  report  on  a  paper  preeenrcd  by  M.  Alexis  Perrey,  Professor  in  lb 
Faculty  of  Scienies  at  Dijon,  on  the  21st  March  18S3,  '  On  the  CfttlDexiol 
which  may  exist  between  the  occurrence  of  Earthquakes  and  the  Mooa' 
Age,"  and  on  a  note  also  presenti-d  by  him  on  Ihe  2nd  January  last,  'Oi 
the  occurrence  of  CarthqunbeM  in  conncxioti  with  the  Moon's  passing  ove 
the  Meridian.' 

"  At  the  time  of  the  presentation  of  the  paper  of  March  1853,  M.  Aiagi 
had  been  appoioled  a  member  of  the  commission.  The  lamented  death  o 
our  illustrions  associate,  since  that  dale,  left  a  vacant  place  in  our  iwminiK 
sioD  :  end  before  the  presentation  of  the  note  of  the  2nd  January  1S54,  M 
Lain6  waa  appointed  to  it. 

"  M.Arago,  whose  attention  nothing  escaped  which  relates  tut  he  phyaicso 
the  globe,  pursued  with  sustained  interest  the  researches  of  M.  Alexis  Perrey 
The  Academy  has  not  forgotten  the  care  which  he  constantly  took  to  drai 
its  attention  to  the  notes  which  the  learned  Professor  at  Dijin  addressed  t 
him  from  time  to  time  within  the  last  few  years,  in  consequence  of  the  in 
quiries  he  was  engaged  in  on  the  subject  of  earthquakes.  M.  Araso  mad 
particular  mention,  at  several  meetings,  of  the  connexion  which  the  Butho 
had  already  traced  between  the  occurrence  of  earthquakes  and  the  moon' 

■'  The  cause  of  the  interest  which  belongs  to  this  subject  is  easily  eiplainu 
If,  as  is  generally  believed  in  the  present  day,  the  interior  of  the  earth  ii 
ouing  Co  its  high  tem{>erature,  in  a  liquid  or  melted  stale,  and  if  llie  glob 
has  but  a  comparatively  thin  solid  crust,  the  interior,  being  deprived  o 
solidity,  is  compelled  to  yield,  like  the  superKcial  mass  of  Ihe  ocean  waten 
to  the  attractive  force  exercised  by  the  sun  and  moon,  and  it  acquires 
tendency  to  swell  out  in  the  direction  of  the  rays  of  these  two  bodies;  bu 
this  tendency  meets  with  a  resistance  in  the  rigidity  of  the  solid  crust,  whic. 
occasions  shocks  and  fractures  of  the  latter.  The  intensity  of  this  fore 
varies,  like  the  tides,  according  to  the  relative  position  of  the  sun  and  moor 
and  consequently  according  lo  the  moon's  age;  and  we  must  also  observ 
that  as  the  tides  ebb  and  flow  twice  in  the  course  of  a  lunar  day,  at  thos 
hours  which  agree  with  the  passing  of  the  nioori  over  the  meridian,  so  th 
direction  of  the  attraction  exercised  upon  a  point  of  the  interior  globe  mus 
change  twice  a  day,  according  as  the  point  recedes  or  approaches  thi 
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meridian,  the  plane  of  whioti  panes  through  the  oeotre  of  the  mooD.  With- 
out entering  into  longer  details,  we  can  easily  oonceive  that,  if  the  fusion  of 
the  interior  mass  of  the  globe  plays  a  part  among  the  causes  of  earthquakes, 
then  its  influence  may  become  evident  by  a  necessary  connexion,  capable  of 
observation,  between  the  occurrence  of  earthquakes  and  the  circumstances 
which  modify  the  moon's  action  upon  the  entire  globe,  or  upon  a  portion  of 
it,  namely,  its  angular  distance  from  the  sun,  its  real  distance  from  the  earth, 
and  its  angular  distance  from  the  meridian  of  the  place,  or,  in  other  words, 
the  moon's  age,  the  time  of  perihelion,  and  the  hour  of  the  lunar  day. 

"  These  considerations,  which  occurred  to  M.  A.  Perrey,  doubtleas  in-* 
spired  him  with  the  idea  of  the'  two  works  which  we  have  been  commis- 
sioned to  examine,  at  the  same  time  that  they  assisted  in  attracting  the 
interest  of  M.  Arago  and  many  other  learned  men  to  the  results  which  he 
obtained ;  but  they  also  suggest  that  the  essential  object  of  the  inquiries  on 
which  we  are  commissioned  to  report  ought  to  be,  to  ascertain  the  precise 
date,  according  to  the  lunar  day  and  month,  of  every  earthquake  the 
record  of  which  history  has  preserved,  and  even  of  each  of  the  shocks 
of  which  these  earthquakes  consisted.  We  can  easily  imagine  the  immense 
toil  which  such  a  re:»earch  would  demand,  and  understand  that  M/Alexi$ 
Perrey  having  already  devoted  several  years  to  it  without  bringing  it  to  a 
tennination,  has  yet  been  enabled  at  different  intervals  to  obtain  such  par- 
tial results  as  M.  Arago  deemed  worthy  of  the  encouragement  and  attention 
of  the  Acddpmy :  and  that  the  l»*amed  Professor  at  Dijon  is  impatient,  before 
encountering  the  labours  of  still  more  years,  to  learn  whether  the  Academy 
approves  of  the  course  which  he  has  hitherto  pursued.  The  necessity  the 
author  feels  for  the  support  and  direction  of  the  Academy  explains  why  he 
has,  upon  several  occasions,  submitted  to  it  results  which  naturally  could 
not  be  complete,  and  which  are  not  entirely  so  even  in  the  paper  and  note 
which  we  are  commissioned  to  examine.  In  the  paper  presented  un  the 
21st  March  1853,  'On  the  Connexion  which  may  exist  between  the  occur- 
rence of  Earthquakes  and  the  Moon's  Age,'  the  author  has  devoted  the  first 
chapter  to  the  calculation  and  numerical  changes  of  the  rough  results  of 
observation. 

*'  He  has  supposed  four  possible  methods  of  calculation.  In  the  fir^t, 
already  followed  in  the  memoir  presented  to  the  Academy  May  5,  1847, 
the  author  considers  as  a  day  of  an  earthquake  each  day  upon  which  % 
shock  has  been  felt,  whether  in  a  single  country,  or  in  two  or  more  coun- 
tries at  the  same  or  at  difftnrent  hours,  separated  from  each  other  by  spaces 
in  which  the  motion  was  not  experienced*  Then  noting,  according  to  the 
knowledge  of  the  period,  to  which  day  of  lunation  each  day  of  earthquake 
corresponded,  he  arranges  all  the  days  which  belong  to  the  first  day  of 
lunation,  then  hU  those  which  correspond  to  the  second  day,  the  third,  the 
fourth,  &c. ;  and  he  constructs  a  table  composed  of  thirty  lines,  each  line 
indicating  the  number  of  earthquakes  whie h  belong  to  the  corresponding  day 
of  lunation.  Now  these  numbers  vary  one  day  with  another,  and  they  vary 
nearly  in  accordance  with  the  same  law,  both  in  a  table  comprising  a  total 
of  2735  days  of  earthquake,  the  result  of  researches  carried  on  during  the 
years  from  1801  to  1845,  drawn  up  by  the  author  and  presented  to  the 
Academy  May  5th,  1847;  and  in  a  new  table  containing  a  total  of  5888 
days  of  earthquake,  embracing  the  result  of  extensive  researches  carried  on 
from  1801  to  J  850. 

'*  In  both  tables  the  number  of  earthquakes  corresponding  to  the  days 
close  to  the  Syzygies,  is  generally  a  little  more  considerable  thkn  that  which 
corresponds  with  the  days  close  to  the  Quadratures.     In  the  second  method 
1858.  D 
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orcalculaiion,iheaullior  regards  earthquakes  expt^rienced  in  different  regioiM 
»epBrated  by  regions  where  tbe  sliock  is  not  perceptible,  as  distinct  one  fron 
th(t  other,  sod  reckoDS  as  an  earthquake  e<'ery  percussion  felt  in  a  separata 
region.  This  new  melhofl  of  calculation  increases  the  number  of  earth 
quakes  in  tbe  Ut  tahle  from  2735  to  S041,  and  in  the  2nd  table  fron 
538B  to  6596.  The  xame  law  ia  again  apparent  in  these  t«ro  new  tables 
and  also  in  Ihe  four  other  tables  which  the  author  forms  by  dividing  th 
half  century  betnef  n  IfjOO  and  1650  into  two  intervali,  each  of  a  quart« 
of  a  century,  anil  by  successively  applying  the  first  and  second  method 
af  calculation  to  the  earthquakes  of  these  two  intervalti. 

"In  the  third  method  of  cumputalion,  M-  Alexis  Perrey  regards  ernry  ah ocl 
of  which  an  earthquake  is  conifiosed  as  a  distinct  phenomenon,  and  register 
it  separately  ;  but  he  does  not  pusses<>  the  documents  necpssary  for  this  plan 
because  the  number  of  shocks  in  fach  earthquake  has  not  l>een  aocuratel; 
noted.  Tbe  author  has  hitherto  contented  himself  with  conniderifig  in  tht 
manner  the  Table  of  9^1  ehuckB  fell  in  South  Americn,  chiflly  in  Arequipi 
published  by  M.  Ca«teln3u  in  the  5lh  volume  of  his  '  Joorney  through  th 
Central  Refiion^  of  South  America.'  This  table,  without  leading  to  result 
ideuttcal  with  those  furniiheil  by  the  other  two  methods,  exhibits  the  fun 
dameutal  relation  already  manifested.  Lastly,  in  the  fourth  method  o 
computation,  the  spplicatioa  of  which  would  nften  be  very  difficult,  ani 
which  has  not  yet  been  attempted  by  M.  Alexis  Perrey,  we  are  to  con 
aider  as  an  unique  phenomenon  the  number  of  shocks  eoitsecu lively  felt  ii 
the  same  country  during  an  interval  preetiled  and  followed  in  the  Mm 
country  by  periods  of  tranquillity. 

"  To  the  nine  tables  formed  by  one  or  other  of  the  three  tirst  methods  a 
computation  the  author  has  added  a  tenth,  formed  by  the  tirsi  metliml 
This  only  embraces  four  years,  from  IBtl  to  18+5,  and  contain*  but  45! 
6ayi  of  earth()UQkes.  In  spite  of  thi^  comparatively  limited  number,  th 
proportion  of  Ihe  figures  appears  the  same.  In  all  these  tables  we  observi 
a  marked  preponderance  in  the  number  of  earthquakes  which  take  plad 
upon  days  close  to  the  Syzygies,  over  those  which  occur  at  the  Quadra 
tures.  However,  il  is  hut  a  gciif  ral  law  which  can  be  observed  in  the  !tale 
ment  of  figures  of  which  the  tables  are  composed  ;  and  there  are  numerou 
eiceptions.  In  order  to  weaken  the  force  of  these  anomalies,  and  tnor 
.  clearly  to  exhibit  the  fundamental  law,  M.  Alexis  Perrey  divides  the  29j 
53  >'.  of  which  the  lunation  is  composed,  into  ISths,  16llis,  8ths, — and  formi 
by  proportionate  calculations  applied  to  tbe  ciphers  of  his  different  table 
Gon.'tructed  on  the  solar  days,  the  numbers  which  correspond  to  each  frac 
tron  of  lunation;  he  displays  in  all  these  new  tables  (excepting  som 
anomalies  of  detail)  the  law  of  the  predominance  of  earthquakes  at  th 
Syzygies,  and  thus  confirms  more  and  more  his  conclusion,  that,  for  half 
century,  earthquakes  have  lieen  more  frequent  at  the  Syzygies  than  at  th 
Quadratures.  M.  Alexis  Perrey  has  also  studied,  in  the  more  or  less  exten 
sive  registers  which  assisttd  him  to  draw  up  his  different  Tables,  the  ques 
tion,  whether  there  exi-ts  any  cnnuexinn  between  the  occurrence  of  earth 
quakes  and  the  variable  distance  of  the  moon  from  the  earth  in  traversin] 
the  different  portions  of  hfr  elliptical  orbit.  For  tlii*  purpose  he  has  cal 
culated  in  each  of  his  registers,  and  according  to  the  different  modes  o 
computation  employed  to  draw  up  the  above-mentioned  tables,  how  ofte 
earthquakes  have  oeciirrrd  two  days  before  and  afttr,  aiid  upon  the  day  o 
the  moon's  perigee  and  apogee ;  and  he  has  I'hou'n,  in  the  numbers  thus  ob 
tained,  that  the  total  corresponding  to  the  perigee,  in  which  Ihe  moon  i 
nearest  the  earth,  in  greater  than  that  corresponding  to  the  apc^ee,  in  whic 
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»he  is  at  her  greatest  distance :  then,  in  order  to  compare  the  results,  he  has 
taken  the  difference  of  the  totak  thus  obtained  and  divided  it  by  their  sum, 

which  has  given  him  the  quotient**  j^^  5^»  ^^  ^'^  ~^'  a,-.V  -joTs'  ^*"^**  ^^ 

all  greater  than  j^*  and  the  last  almost  equal  to  Jq* 

**  The  apparent  result  from  this  is,  that  the  difference  between  the  unequal 
attraction  exercised  by  the  moon  at  her  greatest  and  neanst  distance  has  a 
sensible  influence  over'the  occurrence  of  earthquakes.  In  the  note  on  the 
'occurrence  of  Earthquakes  in  connexion  with  the  passing  of  the  Moon 
over  the  Meridian,*  which  he  presented  to  the  Academy  January  2,  1854'» 
M.  Alexis  Perrey  discusses  the  question,  whether  the  division  of  the  shocks 
of  earthquake  during  a  lunar  day  is,  like  the  tides,  connected  with  the 
passage  of  the  moon  over  the  superior  and  inferior  meridian.  For  this 
method  of  investigation  he  could  only  avail  himself  of  the  824  shocks  felt  at 
Arequipa,  which  are  registered  with  day  and  hour  in  the  above-mentioned 
table  of  M.  de  Castelnau.  By  means  of  proportional  calculations,  which 
mu:«t  have  occupied  a  considerable  time,  he  has  calculated  to  which  hour 
after  the  pa^^sage  of  the  moon  over  the  meridian,  each  of  these  shocks  cor- 
responds. He  thus  formed  a  1st  table  (which  he  afterwards  changed  by 
dividing  it  into  sixteen  equal  portions,  grouped  side  by  side,  to  form  eighths) 
containing  the  24  hours  50  minutes  and  a  half  of  which  a  lunar  day  gene- 
rally consists. 

**  By  these  two  methods  (notwithstanding  some  marked  anomalies  which 
could  not  but  exist  in  so  limited  a  number  of  facts  as  824),  the  results 
obtained  in  both  arrangements  manifest  the  existence,  in  the  length  of  a  lunar 
day,  of  two  periods  of  maximum  for  the  occurrence  of  shocks,  and  two  of 
minimum.  The  two  periods  of  maximum  occur  at  the  hours  of  the  passing 
of  the  moon  over  the  superior  and  inferior  meridians ;  and  the  periods  of 
minimum  fall  about  the  middle  of  the  intervals. 

'*  M.  Alexis  Perrey  has  thus  succeeded,  by  the  simple  analysis  of  catalogues 
which  he  had  previously  drawn  up,  in  proving,  by  three  different  and  inde- 
pendent methods,  the  influence  which  the  moon  possesses  in  the  production 
of  earthquakes : — 

'*  Ist.  That  earthquakes  occur  more  frequently  at  the  Syzygies. 
"  2nd.  That  their  frequency  increases  at  the  Perigee,  and  dimini:)hes  at 
the  Apogee  of  the  moon. 

'*  Srd.  That  the  shocks  of  earthquake  are  more  frequent  when  the  moon 
is  near  the  meridian  than  when  she  is  90  degrees  away  from  if. 

''  But  the  numerical  tables  from  which  these  three  propositions  are  derived, 
present  some  anomalies;  and  the  author  has  omitted  nothing  to  endeavour  to 
account  for  them,  and  to  prove  the  law  which  is  revealed  at  their  first  in- 
spection. He  first  conceived  the  idea  of  constructing  graphically  the  num- 
biers  contained  in  the  tables,  so  as  to  obtain  by  the  usual  method  a  poly- 
gonal line  analogous  to  those  by  which  barometrical  observations  are  usually 
represented,  in  which  the  eye  catches  at  once  the  general  course  of  pheno- 
mena in  the  midst  of  anomalies  which  tend  to  conceal  it.  We  are  tempted 
to  regret  that  he  has  not  further  developed  this  graphical  part  of  his  work, 
which  would  have  had  the  great  advantage  of  displaying  at  a  glance  the 
direct  result  of  his  researches ;  and  that  he  has  not  even  annexed  to  his  me- 
moir any  of  the  lines  which  he  constructed.  But  M.  Alexis  Perrey  con- 
sidered that  he  would  obtain  still  more  certain  results  by  employing  calcu- 
lation ;  and  to  this  arduous  task  he  devoted  the  2nd  Chapter  of  his  principal 
p^^r,  and  the  Secoiid  Part  of  his  note  of  the  2nd  January,  1834.  It  would 
be  difllicult  for  us  to  follow  the  author  step  by  step  in  these  analytical  discus- 

d2 
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Btons  ;  we  will  restrict  ouraelvea  to  tlie  otMervklion,  tLat,  in  order  to  repre- 
sent the  reiult  of  hi»  work,  he  hu  employed  a  Torniula  uf  interpolation  ol 
lhi»  kind:— 

"i(.=M+Asin((+a)+B8in(2(+(3)+C8in(3/  +  y)+  ...,  in  which  M, 
A,  B,  C,  &c.  are  always  coeffitieot*  of  the  same  nalure  a»  f  ;  a,  (3,  y,  &c- 
are  always  angles,  and  t  a  variable  angle  dependent  oo  the  lunar  motion,  which 
will  be  equal  to  0  degree  for  ihf-  new  moon,  to  90  degrees  for  the  first 
quarter,  to  180  degrees  for  the  full  moon,  &c.  He  then  adapis  this  >br- 
niiilrt  lo  the  numerieal  tables  deduced  from  observslion,  and  deiertnines  the 
particular  trulhs  whioh  it  contains.  By  means  of  the  formula  thus  ob 
tained,  the  author  was  enalilcd  to  draw  up  numerical  tablea  corre«pnnding 
to  those  deduced  from  observation  alone,  ami  in  which  the  law  of  the  phe- 
nomena appears  disconnected  from  the  principal  anomalies  which  tenrietl  to 
obsoure  It  in  the  flr^t  tables.  The  numbers  contained  in  these  new  table* 
are  carefully  arranged,  and  form  regular  curved  lines,  in  which  the  law  i< 
clearly  manifest.  Thesie  curves  have  a  marked  resemblance  to  each  other, 
although  they  are  not  entirely  alike — which  could  not  be,  for  they  are  ontj 
approximative — and  each  bear*  the  scamp  of  the  group  of  figures  which  it 
represent*.  The  resemblance  of  these  curves  is  essentially  iiiereaeed  by  the 
fact  that  each  pre!iei)t9  two  principal  maxima  corresponding  to  the  Syiygiea, 
and  two  principal  minima  corresponding  to  theQuadmturea.  We  are  thua 
brought  back  to  the  conclusion  so  evident  by  M.  A,  Perrey's  toil, — thaU  for 
half  u  century,  earthquakes  have  been  more  frequent  at  the  Syzygie*  thun  at 
the  Quadratures. 

"The  Aeadimy  fully  conceives  the  imporlanee  of  this  conclusion,  and 
appreciates  the  labour  the  author  has  taken  to  collect  nearly  7000  observH- 
tions  on  the  first  half  of  this  century.  This  number,  however,  is  very  tmaM 
for  the  solution  of  a  question  of  this  nature  ;  and  it  is  very  desirable  to  have 
it  increased,  either  by  collecting  all  future  observations  from  j-ear  lo  year, 
or  by  going  back  to  past  centuries,  as  the  author  has  already  commenced 


These  views  of  Perrey  have  found  support  in  the  opinions  enunciated 
by  M.  Zantedescbi  as  to  the  probable  existence  of  a  terrestrial  as  well  as 
an  oceanic  tide,  one  in  which  the  solid  mass  of  the  earth's  crust,  and  the 
liquid  or  semiltquid  nucleus  beneath  (if  indeed  it  exist  in  any  such  state)  i* 
supposed  to  bean  ellipsoid,  with  a  major  axis  perpetually  following  the  move- 
ments of  the  moon  and  sun.  To  what  extent  such  a  change  of  form  is  possible 
in  the  solid  material  of  our  planet  under  the  constraint  of  the  same  forces  that 
produce  the  oceanic  tides  (and  whose  elevations  must  in  so  far  act  against 
stich  change  of  form),  it  is  for  physical  astronomy  to  determine.  But  even 
if  its  existence  be  admitted,  and  the  change  of  level  of  a  given  point  on  the 
earth's  surface  were  proved  to  amount  to  many  feet — to  far  more,  in  fact, 
than  the  total  elevation  of  the  greatest  ocean  tide-wave,  it  is  difficult  to  con- 
ceive how  it  even  then  could  be  a  direct  or  immediofc  cause  of  earthquakes. 
Such  change  of  form  would  lie  probably  quite  insignificant  as  compared 
with  the  earth's  total  mas» ;  so  that  the  flexures  or  changes  of  form  produced 
by  it  in  the  solid  crust  would  probably  be  far  within  the  elastic  limits  of  its 
materials,  and,  hence,  the  occurrence  of  fractures  or  dislocations  due  to  such 
a  train  of  causes  impossible. 

If  it  ultimately  prove  a  fact  that  there  is  a  real  relation  in  epoch  between 
earthquakes  and  the  ocean  tiJes,  or  the  moon's  and  sun's  position  in  respect 
to  the  earth,  the  phenomena  will  probably  be  found  in  relation,  only  through 
llie  intervention  of  changes  in  terrestrial  temperature,  or  in  the  great  circu- 
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latioDft  upon  or  within  our  planet,  of  iU  electrical,  or  magnetic,  or  thermic 
currents,  or  the  conversion  of  these  into  each  other  reciprocally,  and  not  to 
the  direct  action  of  the  variable  attractive  forces  of  our  primary  and  our 
satellite.  To  some  such  conversions  of  force  into  heat,  developed  at  local 
foci,  it  would  appear  much  more  probable  that  all  volcanic  phenomena  are 
due,  than  to  a  universal  ocean  of  incandescent  and  molten  lava  beneath  our 
feet,  with  a  thin  crust  of  solid  matter  covering  it,  the  present  or  historical 
existence  of  which  is  not  only  not  proveq,  but  for  which  no  argument  of 
weighty  probability  has  been,  as  I  conceive,  advanced. 

In  the  present  state  of  our  knowledge  of  the  obscure  relations  between 
the  internal  mass  and  actions  of  our  planet  with  the  cosmical  forces  that 
act  upon  it  both  within  our  own  atmosphere  and  from  the  abysses  of 
space  beyond,  and  in  our  comparative  ignorance  even  of  the  terrestrial 
phenomena  themselves,  no  speculation,  however  hazardous  or  hardy,  that 
is  based  upon  a  natural  hypothesis,  need  be  regretted :  such  views  in  the 
beginning  of  every  separate  road  of  inductive  science  are  eminently  sug- 
gestive, and,  although  in  themselves  false,  may  point  towards  truth.  It  is  only 
in  this  aspect  that  a  memoir  by  Dr.  C.  F.  Winslow,  M.D.,  *  On  the  Causes 
of  Tides,  Earthquakes,  Rising  of  Continents,  and  Variations  of  Magnetic 
Force,'  requires  notice.  The  communication  appears  to  have  been  made  to 
the  Academy  of  Sciences  of  San  Francisco,  California,  by  the  author,  in  1854 
or  1855.  I  have  met  with  it  only  through  a  printed  copy,  for  which  I  believe 
I  am  indebted  to  the  author. 

That  our  satellite  does  actually  influence  the  magnet  directli^y  has  been 
discovered  by  Herr  Kreil,  of  the  Vienna  Royal  Observatory  (see  'Phil. 
Trans.,'  1857,  and  *  Proc.  Roy.  Soc.,'  vol.  vii.  pp.  67-75).  General  Sabine^ 
in  the  introduction  to  vol.  iii.  of '  Magnetic  and  Meteoric  Observations  made 
at  Toronto,'  p.  9,  states — **  The  decennial  solar  period  of  ten  or  eleven  years, 
in  connexion  with  the  solar  spots,  proved  to  connect  itself  with  the  magnet- 
ism of  the  earth,  but  not  with  other  cosmical  phenomena"  (see  *  Phil.  Trans. 
1852,'  Art.  VIII.) ;  that  is  to  say,  I  presume,  not  with  such  cosmical  phe- 
nomena as  have  had  their  laws  already  ascertained.  Again  (p.  xi.),  the 
author  adds — '*Tbe  solar  diurnal  variation  appears  to  be  wholly  irrecon- 
cilable with  the  hypothesis  which  attributes  the  magnetic  variation  to 
thermic  causation." 

We  find,  then,  that  both  sun  and  moon  influence,  with  other  and  more 
occult  forces  than  those  that  address  sense  and  eye,  our  planet,  and  that  these 
all  incessantly  modify  the  conditions  and  relations  (mutual  and  to  things  on 
the  surface)  of  every  grain  of  matter  in  the  inmost  recesses  of  its  nucleus. 
While  every  cosmical  force  is  thus,  as  soon  as  its  laws  are  discovered,  found 
to  be  correlated  to  every  other,  all  mutually  convertible,  and  capable  of 
disappearing  and  reappearing  **  by  measure,  number,  and  weight,"  as  mere 
brute  power  or  mechanical  force,  it  is  not  too  much,  at  least,  to  afiirm 
the  advancing  probability,  that  a  distinctly  (though  irregularly)  periodic 
phenomenon,  such  as  earthquakes,  will  be  found  intimately  related  to  them, 
possibly  with  no  very  long  or  intricate  intermediate  chain  of  causation. 

As  regards  the  periodicity,  &c.,  of  those  solar  spots  which  admit  of  con- 
sideration in  relation  to  the  two  paroxysmal  maxima  and  two  minima  in  each 
century  (noticed  hereafter),  Humboldt  may  be  referred  to  (*  Cosmos, '  vol. 
iii.  p.  291).  Schwabe  of  Dessau,  whose  works  the  illustrious  author  quotes, 
observed  the  solar  spots  from  1826,  and,  during  the  whole  period,  found  three 
maxima  (average  number  300,)  and  two  minima  (average  number  33,)  tlie 
period  being  about  ten  years^  or  the  tenth  part  of  a  century.  Wolf  of  Berne 
(<  Comptes  Rendus,'  vol.  xxx.)  considers  the  period  of  the  minima  as  de- 
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finite,  but  llial  tlie  niaxiiuum  varies,  being  on  an  avciage  five  years  itfler  iha 
iniDimum,  qncI  tliat  nine  mininiuni  periutid  exactly  make  up  each  century  ; 
adding,  tliat  all  tbe  notable  apparitions  uF  solar  spots  on  record  agree  wilb 
this  rule.  Otiier  papers  on  this  subject  will  be  tound,  witli  dcIaiU  in  llie 
'Ast.  Nach,'  and  '  Pogg.  Ann.,'  from  1850;  and  in  '  Sillinian's  Journal,' 
vol.  XKv.,  some  n-marki  uf  Heiebenbach  are  worthy  of  attention.  He  uli- 
serves  that  the  period  of  Jupiter  is  11  -86  years,  and  that  there  are  crrtain 
coincidences  between  the  planet's  periodic  relurus  and  those  of  the  wAaa 
spots, — adding  that  their  conjoint  mugnetic  effects  upon  our  planet,  in  feta- 
tion to  the  magnetic  periods  above  refcrri'd  to.  cannot  but  be  great.  See  also 
'  Gilbert'*  Annaleu,'  vols',  xv.  and  xxi.,  for  Ritter's  nieoioiia  on  the  iiubject ; 
and  "  Hansleen  on  the  lielatiuni  between  Elartliijuakes  mid  the  Aurora,"  in 
*  Bull,  de  lAcad.  de  Bruxelles,'  1854.  t.  sxi. 

I  am  myself  indtibied  tt»  my  friend  Dr.  Robinson,  Astronomer  Royal, 
Armagh,  for  much  of  my  inl'urmation  upon  the  subject,  which  connects 
itself  witli  our  own  Id  relation  to  the  prrceding  rcHectiona,  and  through  the 
singular  point  of  coincide.rjce  aa  to  periodic  recurrences  in  both — the  one 
presenting  traces  ol' t>eiiig  in  time  a  submultiple  of  the  other,  lint  at  presefit 
this  must  all  be  taken  fur  what  it  is  worth,  and  na  mort. 

It  may  be  suitable  to  rcniaik  here,  that  the  movements  iif  the  inchnalion 
magnetometer  as  well  as  uf  the  barometric  column,  of  which  several  haT«< 
been  of  late  years  recoiiled  as  occurring  at  the  time  of  earthquakes,  are 
most  probably  merely  mtichanical  end  due  lo  the  shock  muvi-menlfi  direcL 
This  has  been  ascertaiui^d  by  Kieil  at  Vienna,  and  Padre  Seci-hi  at  Rome 
(see  al»o  Perr«y's  'Mini.  Europe  and  Africa,'  p.  11):  and  such  appear*  to 
have  been  Humboldt's  view  (though  cxpressid  with  some  qualiUcatioa) 
at  tbe  date  of  publication  uf  ■  Cosmos.' 

The  following  iw  n  translation  of  Zantedeschi'H  expi-essions  of  his  own  views 
as  to  the  occurrence  of  a  terrestrial,  or  rather  lerrene  tide,  probably  bettt^r 
nnmed,\fttexiiil,tfieiila*tictute: — 

"On  the  inBuenee  of  the  M.jon  upon  Earthquakes,  and  on  the  Conse- 
r|uences  probably  derivable  as  to  the  Ellip.-^oidal  Figure  of  the  Earth  and 
ihe  Oscillation  of  the  Pendulum.  By  M,  I''.  JTanteifcscfii."  Cotnplet  Rendut, 
Sianee  du  2  Aout,  1 854. 

"  I  have  thought  fur  a  long  time  that  the  form  of  the  earth  cannot  always 
be  the  same,  but  that  it  presents  an  incessimtly  changing  elliptical  form, 
that  is  to  auy,  having  a  cintinued  tendency  to  becnme  protuberant  in  tbe 
directions  of  the  radii  vectored  of  the  two  luminaries  which  attract  it,  the 
sun  and  the  moon.  1  have  always  believed  that  a  direct  proof  of  it  might  be 
obtained  by  determining  a  point  in  the  heavens  at  the  epochs  of  the  spring 
iide!>,  and  at  that  of  the  Quadratures.  This  point  mu^t  appear  lower  at  the 
epochs  of  the  high  tides  and  of  the  Syzygies.  The  Imperial  Observatory  of 
Paris,  wiih  the  mean-  that  it  has  at  its  disposid,  could  prove  if  this  difference 
be  observable,  and  cspi'cially  now,  that,  thanks  to  the  labours  of  -M.  Froment, 
dividing  has  been  niadi'  so  I'xact  as  to  admit  of  measuring  with  the  greatest 
preciaion  a  di fieri- nee  of  j^i^tli  of  a  niillimcire  bt-lwecn  two  cojiseciitive 
visible  horizonlal  lines. 

"X  have  alM.iys  as.Miiiied  that  :i  couipi-iisation  penduluin  of  such  a  length 
that  it  exactly  bcals sec<iiids  at  ttie  epoch  of  the  ijuailraturL'sand  of  the  neap 
tides,  must  beat  mure  slowly  ut  the  epoch  of  the  spring  tides,  from  the 
transit  of  the  moon  over  the  mt-ridian  of  the  given  place,  and  at  the  epoch 
i.f  the  syzygies  ;  and,  taking  from  this  fact  that  the  variations  of  the  force 
<il'  atlrattion  ujion  the  mass  of  the  earth  are  continuous,  I  have  concluded 
froui  it  the  iicLT,"*itv  for  a-,Iroiioniy   to  take  account  of  tliojc   times;   and 
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hereiif^  I  find  the  explanation  of  certain  leaps  of  astronomical  clocks  of  which 
the  learned  have  not  hitherto  been  able  to  discern  the  cause.  I  believe 
that  one  day  we  shall  have  the  equation  of  time  in  functions  of  the  varia- 
tions of  intensity  of  the  planetary  attractions,  and  of  the  regular  oscillatory 
movements  of  the  earth,  as  we  now  have  the  equation  of  time  in  functions 
of  the  motions  of  translation  and  of  rotation  of  the  earth  itself.  I  say  the 
reytUar  oscillatory  motions,  because,  as  for  the  irregular  movements,  we 
cannot  submit  them  to  rule,  and  we  a]re  enabled  to  account  only  for  the 
extraordinary  concomitant  phenomena  presented  by  the  atmosphere,  by  the 
earth,  and  by  certain  species  of  animaU.  The  irregular  motions  which  we 
call  earthquakes,  happen  more  frequently,  it  has  been  observed,  either  at 
the  epoch  of  the  Syzygies  rather  than  at  the  epoch  of  the  Quadratures,  or 
oflener  at  the  epoch  of  spring  tides  than  at  that  of  the  neaps.  This  important 
observation  is  found  in  the  works  of  Georges  Baglivi  and  Joseph  Toaldo. 

The  first,  in  his  ^  Storia  Romani  Terrse  Motus,  anni  1703,'  says,  ''In 
singulis  lunse  aspectibus,  tteu  quadraturis,  potissimum  in  plenitudine  ejusdem 
seu  totali  oppositione  cum  sole,  certo  succedebant  terrse  motus,  frequenter 
paululum  prseeedebant  ipsos  aspectus.** — Georgii  Baglivi  Opera  Omnia, 
Bassani,  1737,  p.  415,  Editionis  Venetiarum,  1752,  p.  326. 

Toaldo,  speaking  generally  of  earthquakes,  says,  "  the  late  M.  Bouguer 
in  the  account  of  his  voyage  to  Peru  speaks  much  of  earthquakes,  so  fre- 
quent in  that  country.  He  mentions  with  doubt  the  assertion  of  a  Peru- 
vian '  savant,*  that  earthquakes  have  certain  fatal  and  marked  lines  when 
they  occur  at  low  water.  On  the  other  hand,  Chauvalon,  in  his  voyage  to 
Martinique,  notes  particularly  the  earthquakes  which  took  place  at  the 
time  of  high  water ;  and  the  earthquake  which  destroyed  Lima  on  the  28th 
of  October,  1746,  occurred  at  three  o'clock  in  the  morning,  at  the  instant  of 
high  water  (ora  della  prima  acqua).  Thus  we  remark  in  other  countries 
that  these  phenomena  may  themselves  depend  on  the  cosmical  causes  of  the 
action  of  the  sun,  and  especially  of  the  moon."  (Giuseppe  Toaldo, '  Della 
Vera  Influenza  degli  Astri,  etc.,  Saggio  Meteorologico,'  Padova,  1770, 
p.  190.)  I  hope  that  the  Academy  of  Sciences  will  well  receive  these  do- 
cuments and  these  ideas,  which  tend  to  augment  the  merit  and  the  value 
of  the  very  important  studies  of  M.  Perrey. 

Edmonds,  also,  has  endeavoured  to  show  that  many  formidable  earth- 
quakes are  found  to  have  occurred  the  day  after  the  moon  is  in  her  first 
quarter  (' Joum.  Polytec.  Soc.  Cornwall,'  Note  158  ;  Sabine's  '  Cosmos'). 


Before  dismissing  the  subject  of  other  earthquake  catalogues,  the  follow- 
ing labour  as  to  Indian  earthquakes  should  be  noticed.  In  the  '  Journal  of 
the  Royal  Asiatic  Society,'  vol.  xii.  n.  s.,  for  1843,  Lieut.  R.  Baird  Smith, 
B.E.,  made  one  of  the  most  extensive  contributions  to  our  slender  stock  of 
oriental  earthquake  annals.  He  divides  India  into  nine  earthquake  tracts, 
partly  on  physical  grounds,  partly  arbitrarily,  viz. — 

1.  Central  Himalaya; 

2.  Lateral  Himalaya,  including — 

a,  Cabul, 

b.  Jellallabad, 
e.  Cashmere, 

d,  Nepaul, 

e.  Assam; 

S.  The  Solymaun  Mountains, 
4.  The  Aravulli  Mountains, 


RT— le.irt, 

6.  D«1Uof  theludu*. 

6.  The  ViniDiya  MaunUiD*. 

7-  Delta  of  the  UKug««, 

8.  ¥.tat  Coast  Bay  at  Ben}rnl. 

9.  Ea<ter;i  Gliauti; 

and  under  there  divisions  dFscribe«  nio'e  ur  \ei-K  I'ully  a  total  number 
162  earthquake*,  wlilcli  he  finally  tabulalea.  by  dnte  nnd  pince  only.  11 
Bpuch  of  hia  catalogue  coinmencps  nominalty  at  A.n.  iHOS:  hiit  slRKwId 
whole  of  tlie  catalogue  refers  to  the  UHh  century,  and  conws  down  to  tl 
year  IS42. 

After  hia  remarks  upon  the  earlbquakes  of  Ihe  firi>t  region  (p.  IO!)t>)>  I 
observes,  "The  hot  springf,  I  bi?lieve,  owe  their  high  teniperaltire  to  i 
ternal  chemical  aciiou  extenaivelj  distributed  ;  and  the  earUiquaJiM  are  lii 
to  the  coiivuUive  efforts  of  the  elastic  niatler  generated  by  thi*  antioB 
•acapinfi  from  the  interior  nf  the  earth."  ..."  To  define  the  nalurn  of  tfc 

'un,  while  ignorant  of  the  chemical  nature  of  the  eprtn);*.  would  bu 

.  but .  ..."  I  cannot  reBial  the  conviction  that  both  aiv  due 

one  and  the  bbpw  orijjiti-"  . . ,  •  "  There  ore  ii»  nctive  volcanic  »enta  yet  di 

covered  in  the  Hiiitilnyas,  but  ubuudaiit  hot  fpringa  and  tnip  dyken,  ai 

evidences  of  disruptive  aulioii/' 

In  the  same  vol,  p.  7tl.  a  traiiHlation,  by  A.  Sprenger,  uf  the  Arab 
MS-  in  ifae  Imperial  Library  at  Pnrin.  of  a  work  of  An.  Sotuti  on  eart 
quakes,  i^  given.  The  original  work  ii  entitled,  '  Kniilif  a»  aalsaJah*! 
waas  az  Zalzalah,'  i.e.  "a  clearing  up  of  the  history  of  earth i^uakes." 
contains  a  catalogue  of  about  \'20  earthquakeij  in  Western  India.  Perai 
and  Cauhul,  and  extending  to  Arabia,  Syria,  and  Egypt  It  certaiuly,  hoi 
aver,  scarcely  warrants  its  title,  and  contains  few  faels  of  ncienlifio  value. 

Again  (p.  907).  a  small  catalogue  of  earthquakes  in  Upper  Aveani  U(»u 
— the  authors,  Capt.  tlunmiy  and  Kev.  N.  Brown.  The  chief  stuteme 
of  importance  to  be  found  in  it  is  their  opinion,  that  in  tliis  region  the  hoi 
xontal  direction  of  shock  seenis  to  be  mainly  from  S.W.  to  N.E. 

Since  the  publication  of  former  •  Reports'  some  monographs  of  sing 
earthquakes  have  appeared  ;  but  reference  is  here  only  to  catalogue*. 

While  these  sheets  have  been  pas'ing  through  the  press,  the  work  af  D 
Otto  Wolger,  with  catslogiies  of  the  S»i-s  eartliquakes,  has  appeared,  at 
demanda  notice  for  the  extreme  accuracy  and  care  with  which  the  volum 
have  been  produced, — •  Untersuchungen  iiber  diis  Flianomen  der  Erdbetx 
in  der  Schwitz,'  von  Dr.  C.  H.  Otto  Wolger,  Gutha  1857. 1858,  3  voU.8v 
The  first,  "  Chronic  der  Erdbebeu  in  der  Schwitz,"  also  embracer  a  discnssii 
as  to  the  periodicity,  locality,  and  extent  (Ausdehnung)  of  Ihe  Swiss  eart 
quaked,  ivitli  (he  res(dts  grapliicallv  reproiluced. 

The  second  contains  the  geology  of  the  Canton  of  Wallis,  in  whicli  . 
great  a  number  of  rapidly  recurrent  feeble  shocks  have  been  go  longrecorde 

The  third,  ■  Gesehichti;  der  Erdbeben  (Fm  VVallis)  des  meteorologbchi 
Jahies  IV55,'  togeliier  with  a  I'liroiiiclc  of  those  in  the  SwiM  Cantons  ai 
adjacent  piirts  of  France. 

There  is  an  excellent  though  small  map  of  the  Canton  of  Walli*,  showii 
the  points  of  observatiim  of  the  many  small  sliocks  that  have  become  idem 
fied  with  the  nsme  of  I'igncrol  as  a  centre — ami  in  several  instances showii 
the  horizontal  directions  observed — which  quite  bear  out  the  oiiservations 
be  found  further  on,  as  to  the  effects  of  surface  iu  perturbing  the  genei 
rniei'geiit  ilirection  of  the  wave  of  shock. 

The  work  of  Dr.  Wolger  is  entitled   to  the  study  of  physical  geologis 
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Perhaps,  like  most  men  who  carefully  ami  lovingly  perfect  their  subject,  he 
attaches  a  too  preponderant  value  to  the  limited  district  of  which  he  treats. 

Having  so  far  considered  the  labours  of  others  as  to  the  distribution  of 
earthquakes  in  time,  some  remarks  remain  to  be  made  on  their  distribution 
in  space  by  foreign  authors.  The  seismic  map  of  Bergbaus  in  his  *  Physical 
Atlas/  is  the  most  important  attempt  of  this  sort  emanating  from  abroad* 
The  following  are  Perrey's  remarks  upon  this  map  ('  M6m.  de  i'Acad^mie 
des  Sciences  de  Dijon/  t.  iv.  ann^  1855,  p.  57)  : — 

"  M.  Berghaus,  of  Berlin,  has  devoted  map  No.  7  of  the  geological  part 
of  his  beautiful  Physical  Atlas  to  volcanic  and  seismic  manifestations. 
Greenland  is  very  slightly  coloured,  and  is  included  in  the  circumference 
of  a  circle  of  percussions,  the  centre  of  which  is  in  Iceland.  This  state- 
ment does  not  appear  to  me  to  be  at  all  supported  by  facts.  The  author 
appears  to  have  outstripped  observation ;  for  the  commotions  in  Iceland 
constitute  an  almost  local  phenomenon ;  rarely  ever  is  the  island  simul- 
taneously shaken  in  its  entire  extent,  and  the  shocks  are  only  of  moderate 
intensity.*' 

It  may  be  added,  that  observation  points  out  that  the  connexion  as  to 
earthquake  commotion  is  between  Iceland  and  Norway*  and  not  between 
Iceland  and  Greenland.  Of  the  latter  country,  however,  in  this  respect  we 
know  but  little. 

As  to  Greenland,  I  do  not  know  whether  any  earthquake  has  occurred 
there  but  that  of  November,  1755.  That  was  violently  felt ;  it  caused  a 
terror  so  much  the  greater,  as  shocks  of  this  nature  were  completely  un- 
known.    However,  it  is  probable  that  they  are  occasionally  felt. 

The  22nd  of  September,  1757f  there  was  a  violent  hurricane,  the  wind 
from  the  south,  accompanied  by  hail  and  rain ;  the  lightning  was  terrific, 
but  without  thunder.  It  was  generally  believed  that  a  shock  of  earthquake 
was  felt.  (Provost,  *  Hist.  G6n.  des  Voy/  t.  ix.  pp.  23  &  209.)  Earthquakes, 
the  author  adds,  are  rare  in  this  country. 

Two  years  after,  in  September,  1759,  at  New  Herrnhut  (Greenland),  the 
house  of  Siehlenfels  experienced  shocks  like  an  earthquake,  although  it  was 
very  low  and  had  walls  four  feet  thick.  The  houses  around  suffered  severely  : 
the  roofs  were  split ;  and  the  boats  drawn  up  on  shore  were  carried  away 
by  the  hurricane,  which  was  felt  at  a  distance.  This  storm  was  preceded 
and  followed  by  igneous  meteon^,  one  of  which  set  fire  to  the  house.  On 
Christmas  Eve  a  similar  phenomenon  occurred  at  noon.  (Provost,  L  c. 
t.  xix.  p.  208.) 

These  are  the  only  facts  that  I  can  quote  relative  to  this  country, 
which,  I  repeat,  notwithstanding  its  contiguity  to  Iceland,  ought  not,  in  my 
opinion,  to  be  placed  within  the  sphere  of  the  volcanic  and  seismic  action  of 
that  island. 

M.  Berghaus  has  marked  the  Azores  and  Canaries  with  a  darker  shade ; 
and  this  memoir  will  contribute  to  confirm  the  author's  idea  of  also  co- 
louring the  Archipelago  of  Cape  Verd  and  the  Antillej^.  But  it  leaves  all 
the  rest  of  the  basin  uncolcmred ;  and  surely  it  is  difficult  not  to  admit 
some  shading,  however  slight,  in  latitudes  distinguished  of  late  by  M. 
Daussy.  Let  us  again  re()eat,  that  earthquakes,  which  ought  to  form  an  im- 
portant part  in  the  study  of  terrestrial  physics  and  physical  geography,  have 
hitherto  been  too  much  neglected.  They  have  been  resigned  to  geology, 
to  which,  in  my  opinion,  they  only  indirectly  belong. 

But  to  continue.  Algeria  bears,  on  M.  Berghaus's  map,  a  very  dark  shade, 
which  the  note  I  published  in  our  last  *  Memoirs*  does  not  justify.     Yet  the 
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physicist  whojii  I  have  Just  quoted  includes  the  Azores  and 
Csoariea  in  the  seismic  region  of  the  Mediterranean. 

They  would  seem  to  I'orin  the  western  part  of  an  axis  which  extends  to 
Hindostan  with  variable  shades,  and  thus  uniip.<  the  Alluniic  with  the  great 
volcanic  chain  of  the  Sonde  (Sunda),  which,  as  we  know,  i»  connected  by 
the  Japanese  and  Kurlle  Inlands  with  the  Aleutian  Archipelap:o,  and  by  thi« 
chain  to  the  grand  volcanic  range  of  the  two  Americas.  This  idea  is  in- 
genious,  bnt  is  it  true  ?  It  i<  a  point  [hut  1  cannot  at  present  di:)cuss.  Yet 
we  must  fldinit  that  the  Azores,  and  even  the  Canaries,  seeni  to  form  a  part 
of  the  sphere  of  ■ubterrancan  convuUions,  the  centre  of  which  is  almost 
parallel  to  LLtbon  ;  and  to  be  at  ihe  western  extreniity  of  that  great  seismic 
zone  which  proceeds  by  the  peniiisulaH  of  Spain,  Italy,  and  Greece,  to  the 
volcanoes  of  Asia  Minor,  and  which  there  joins  the  central  chain  of  Asia. 
It  is,  in  fact,  within  thi«  zone,  extending  towards  the  north  as  far  as  the  Car- 
pathian Mountains,  that  the  principal  ccntrea  of  eurthquakes  and  the  most 
remarkable  seismic  axes  in  Europe  are  to  he  fonnU.  Extending  to  the 
west  along  the  40th  parallel,  this  zi:in«  reaches  the  United  Stales  of  Ame- 
rica, where  it  embraces  New  York  and  Boston,  which  M.  Berghauis  has  per- 
haps marked  with  a  rather  too  dark  colour,  though  earthquakes  are  not  lare 
there;  and  thence  it  proceeds  to  Kentucky,  TenneMee,  and  Missouri,  where 
the  phenomena  of  the  year  Ifil  1  demand  a  darker  shade  in  M.  Berghaus's 
lieaiitiful  map.  M.  BerghauB  draws  a  linear  region  in  Arabia,  from  Medina 
to  Yemen.  alonK  the  eoit  coast  of  the  Red  Sea.  Can  this  be  a  partial 
axis  of  convulsion?  Is  it  independent  of  the  Mediterranean  Kone?  Or  i* 
it  united  to  il  by  a  second  axis — the  Syrian  axis  parallel  to  the  east  coast 
uf  the  Mediterranean  ?  But  the  countries  near  to  the  Isthmus  of  Suez  ap- 
pear little  subject  to  earthquakes ;  can  there  be  a  solu^on  of  continuity 
between  these  two  axes?  or  does  the  space  which  divides  them,  and  where  the 
phenomenon  has,  so  far,  been  so  rarely  remarked,  constantly  present  a  pecu- 
liarity verified  more  than  ouce  in  America?  In  the  New  World  (at  Ca- 
raccas,  for  example)  certain  regions  of  small  extent  have  been  observed  to 
enjoy  a  cumplele  calm  while  the  neighbouring  countrj  experienced  fright- 
ful catastrophes. 

The  historians  of  these  disasters  have  characterized  this  unconvulsed  part 
of  the  soil  by  a  picturesque  expret^sion,  namely,  "  a  bridge  has  been  formed." 
The  proliable  physical  explanation  of  this  phenomenon  of  "the  bridge"  has 
been  given  in  a  former  Report  ('2nd  Report,  p.  309),  by  the  author  of  this, 
based  upon  the  view  that  lolal  reflection  of  elastic  impulses  may  occur  under 
certain  suitable  condition.'. 

Perrey  continues,  "  No  simultaneous  convulsions  at  both  extremities  of 
this  Syro-Arabic  linear  region  have  been  recorded.  However,  if  we  recall 
that  the  Himalaya  Mountains  are  very  subject  16  subterranean  convulsions  ; 
that  the  Alps,  and  especially  the  Pyrenees,  are  frequently  shaken,  the  Cau- 
casus-range stiti  oftener,  and  that  the  Andes  are  almost  always  in  a  slate  of 
commotion;  must  we  not  regret  (hat  we  poswss  no  information  concerning 
the  phenomena  in  the  high  Ethiopian  chain  ?  is  it  not  to  be  desired  that 
travellers  in  Africa  shimid  make  observations  upon  a  matter  so  interesting 
to  science  ? 

"  During  the  last  few  years  .Abyssinia  (strongly  marked  in  M.  Berghaus's 
map)  has  been  the  study  of  numerous  French  explorers.  Several  narratives 
of  their  vast  anil  u>eful  labours  have  appeared  ;  but  I  do  not  find  one  word 
about  earthquakes  1  The  Academy  of  Sciences  has  just  given  new  instruc- 
tions to  M.  Itiichet  (d'Hericourt),  about  to  undertake  a  third  'expedition  to 
that  country;  and  the  phenomenon  is  not  even  mentioned  by  M.  Du  perrey  I 
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Quite  recently,  again,  I  felt  the  same  painful  surprise  at  reading  the  instruc- 
tions given  to  M.  RafTenel. 

''  Does  Abyssinia  form  an  axis  of  convulsion  perpendicular  to  the  Arabic 
axis?  or  is  it  the  eastern  extremity  of  an  unique  axis  formed  by  the  great 
Ethiopic  chain,  and  crossing  the  African  continent  at  its  greatest  breadth  ? 

*Mn  nearly  the  same  latitude  as  Abyssdnia,  but  on  the  western  coast  of 
Africa,  we  find  the  sources  of  the  Senegal  and  Gambia  vividly  coloured  in 
M.  Bergbaus's  map.  What  evidence  has  the  author  for  this  statement? 
With  respect  to  this  region,  I  am  only  acquainted  with  the  two  following 
descriptions  drawn  from  M.  Walcknaer's  collection."  We  read,  at  t.  vi. 
p.  181,  "  The  aspect  of  the  mountains  Nikolo  and  Bandeia  prove  that  this 
country  has  been  the  theatre  of  volcanic  eruptions.  Earthquakes  are  very 
frequent ;  and  shortly  before  M.  Mollieu's  visit,  one  of  the  most  violent  had 
occurred,  the  shocks  of  which  had  been  felt  as  far  as  Timbo."  And  further 
on,  p.  IS^9  *'  The  mountain:^,  covered  with  ferruginous  stones  and  cinders, 
which  enclose  the  valley  in  which  are  the  sources  of  the  Senegal  and  Gambia, 
lead  M.  Moliieu  to  believe  that  they  occupy  the  crater  of  an  extinct  volcano. 
This  traveller  was  at  the  source  of  the  Gambia,  April  8,  1818." 

It  is  useful  to  compare  this  passage  with  the  following,  extracted  from 
the  same  collection,  t.  xii.  p.  356  : — **  There  is  no  record  in  Senegal  that 
any  portion  of  the  colony  has  ever  experienced  an  earthquake." 

Without  seeking  to  justify  the  accuracy  of  M.  Berghaus,  it  may  not 
be  uninteresting  to  remark  that  the  Antilles  and  the  Republic  of  Guate- 
mala lie  under  the  same  parallel  of  latitude  (about  15°  N.)  as  Abyssinia  and 
the  sources  of  the  Gambia. 

Can  there  be  an  axis,  or  rather  an  immense  zone,  of  convulsions  parallel 
to  the  Equator  ?  Often  convulsed  in  the  western  counterforts  (the  Archi- 
pelagos of  Cape  Verd  and  the  Canaries),  Africa  suffers  also  in  the  S.E., 
in  the  great  southern  chain  of  Madagascar.  I  find  in  M.  Segu6rel  <le  la 
Combe  that  **  earthquakes  are  very  frequent  in  Madagascar.  When  they 
occur,  the  natives  leave  their  houses  and  commence  beating  the  walls  with 
their  hands.  They  do  not  allege  any  reason  for  this  conduct  but  custom." 
^'  Voy.  ^  Madagascar  et  aux  lies  Comorres,*  t  i.  p.  3.) 

Let  me  add  this  remark  from  an  ancient  traveller  in  Madagascar :  *^  Hap- 
pily earthquakes  are  here  completely  unknown."  (Le  Gentil,  '  Voy.  dans 
les  Mers  de  I'lnde,*  t.  ii.  p.  367.) 

If  we  subjoin  to  these  contradictory  statements  the  few  facts  which  we 
possess,  we  shall  justify  M.  Berghaus's  not  having  coloured  the  south  of 
Africa. 

'*  1786,  August  4>,  6*3.5  a.m.,  in  the  Isle  of  France,  two  violent  but  harm- 
less shocks.  The  motion  was  horizontal  and  vertical.  The  barometer  was 
not  affected.  Earthquakes  are  of  rare  occurrence.  The  volcano  in  Bour- 
bon, active  from  the  5th  of  June  previous,  emitted  much  lava  upon  this  day, 
but  the  island  was  not  sensible  of  any  shocks."  (P6ron,  *  Voy.  aux  Terres 
Australes,'  2nd  eilit.  t.  i.  p.  134;  •  Ephem^r.  de  Manheim,'  1788,  p.  397.) 

^809,  8th  of  January,  the  island  of  Penguin,  close  to  the  Cape  of  Good 
Ht>pe,  was  swallowed  up  by  an  earthquake.  T  am  unacquainted  with  this 
islafid,  and  I  only  find  this  circumstance  related  in  an  anonymous  work 
entitled  '  Memorial  de  Chronologic,'  t.  ii.  p.  932. 

Here,  again,  relative  to  another  earthquake  of  the  same  year,  1809,  are 
the  details  communicated  by  M.  Barchers,  Minister  of  Stellenbosch  (country 
of  the  Hottentots),  to  Campbell  (end  of  November  1812),  concerning  the 
first  of  the  earthquakes  which  occurred  three  years  previously  : — 

'*  The  church  of  Paarl  was  then  vacant  The  governor  begged  me  to  preach 
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there  once  a  montli.  Oil  Saturday,  the  eve  of  tlie  daj  od  which  1  hail  to  go 
there,  I  felt  extremely  ill  and  dcjtcted.  On  Sunday  morcing  my  wife  and  1 
set  out.  When  I  reacbeil  Paarl,  I  was  very  weak.and  asked  fur  Bome  water: 
but  it  was  lukewami,  and  1  could  not  drink  iL  I  was  told  it  had  been 
brought  from  the  fnuatain.  I  Bent  my  slave,  but  what  he  brought  waa  boL 
t  went  thither  myself,  and  found  it  waa  really  ihe  ca^e.  We  could  not 
imagine  the  reason.  WhiUt  1  wat  preaching,  1  felt  so  giddy  that  I  scarcely 
knew  what  1  was  Mying. 

"  After  the  sermon,  I  spoke  of  this  neniiation  to  several  of  my  friends,  who 
declared  thai  they  also  experienced  ii.  We  returned  to  StcUenbnsch  on  the 
following  morning.  The  whole  of  that  day  my  family  and  servants  and 
myself  felt  very  unwell ;  the  dogs  uUo  shared  in  our  uneasineas. 

"  At  10  o'clock  we  were  all  aUrmed  by  a  noise  like  that  caused  by  nume- 
roiu  carts  rolling  through  strp^ts.  We  did  not  know  what  it  wa<i;  but 
all  my  family  were  terrified.  A  great  light  shone  into  the  riiom.  Supposing 
that  a  tliunder-bult  had  burst,  I  e;ihurted  them  not  to  be  aUrmed,  as  the 
lightning  had  passed,  and  ihe  danger  was  gonp.  Whilst  I  was  speaking,  the 
same  noise  which  we  had  just  heard  was  again  repeated,  and  we  all  trembled. 
■  Oh  r  cried  I,  '  'tis  an  earthquake  ;  let  us  all  go  into  the  garden.'  We  felt, 
lo  use  a  Scriptural  expression,  that  '  there  was  no  more  life  in  us.'  A  third 
shuck  followed ;  it  was  less  violent  than  the  first  two.  The  noise  was  dreadful, 
not  only  owing  to  its  loudness,  but  alsn  to  its  nature.  1  can  only  describe 
it  us  a  sort  of  groaning,  ur  piteous  howling.  The  dogs  and  birds  lestilied 
their  fear  by  their  crie^.  The  night  was  calm,  not  a  breath  of  wind  stirred 
;  but  1  remarked  a  number  of  luminous  meteors.     I  observed  si     " 


clouds  in  various  quarters,  but  their  aspect  presented  nothing  new.  Every 
one  endeavoured  to  keep  close  to  me ;  alarm  was  excessive ;  1  said  what  I 
could  lo  allay  it  At  last  we  ventured  to  return  to  the  house,  and  endeavoured 

to  sleep  to  recover  ourselves;  but  thectTort  was  vain."  (Walckenaer,  'Collect, 
des  Relat.  de  Voy.  en  Afrique,'  t.  xvjii.  p.  275.) 

1810.  in  the  depth  of  winter  an  earthquake  occurred  at  Ihe  Cape  of 
Good  Hope. 

1811,  2nd  June,  five  minutes  before  12  o'clock  noun,  another  earthquake 
took  place.  The  heat  was  greater  than  usual  at  this  season,  the  thermometer 
was  16'''8  R.  A  thick  mist  filled  the  atmosphere,  yet  did  not  obscure  the  sun's 
lays  ;  not  the  least  breeze  disturbed  the  air.  The  inhabitants  who  greatly 
dread  subterraneous  shocks,  were  reminded  by  these  symptoms  of  the  earth- 
quake of  the  preceding  year.  M.  Burchell  was  busy  indoors  with  prepara~ 
tions  for  a  missionary  journey,  when  suddenly  n  noise  like  an  explosion 
shook  the  entire  house.  Three  or  four  seconds  afterwards  a  second  peal 
like  thunder  produced  another  shock  ;  at  the  same  instant  a  singular  motion 
and  vacillation  in  the  atmosphere  wns  apparent,  whilst  the  sky  continued 
perfectly  serene,  M.  Burchell  ran  out  to  discover  what  had  occurred  ;  he 
saw  all  the  inhabitants  running  out  of  their  houses  in  great  alarm,  pale  and 
trembling,  not  conifcious  what  they  were  doing,  the  women  either  screaming 
with  terror,  or  motionless  and  incapable  of  speech.  After  the  second  shock, 
the  trembling  of  the  atmosphere  had  ceased,  and  the  temperature  a  little 
cooled.  The  people  gradually  legained  their  composure,  observing  that  no 
more  shocks  followed.     Many  houses  were  injured,  and  walls  split. 

This  eartiiquake  took  j>lace  five  minutes  before  noon,  during  the  Cape 
winter;  tlie  preceding  year  it  occurred  during  the  night,  in  the  height  of 
summer ;  so  this  phenomenon  is  not  limited  to  any  time  of  day  or  year. 

M.  Burchell  saw  the  trace  of  electricity  in  all  the  preceding  symptoms, 
and  can  only  explain  the  earthquake  as  an  explosion  of  electric  matter. 
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On  the  morDing  of  the  19th  another  shock  was  felt,  but  unaccompanied 
by  explosion  or  other  consequences.  A  slight  sound  was  heard,  which 
appeared  to  travel  from  N.to  S.,  and  lasted  about  three  seconds.  (Walcke- 
naer,  loc.  ciL  t.  xx.  p.  20-22.) 

To  these  facts  we  may  subjoin  the  following : — 

1811,  7th  June,  at  the  Cape  of  Good  Hope  a  violent  shock  of  five 
minutes ;  the  houses  tottered,  and  even  the  vessels  in  the  bay  felt  the  shock. 
(J.  D.  14.th  Nov. ;  M.  U.  15th  Nov.  1811.) 

181S,  on  the  night  between  the  28th  Feb.  and  1st  March,  in  the  Isle  of 
France,  a  hurricane  similar  to  that  of  1716;  it  is  alleged  that  shocks  of 
earthquake  were  felt.     (J.  D.  21st  June  1818.) 

1821,  9th  March,  in  the  Island  of  Bourbon  a  slight  shock.  The  erup- 
tion of  the  volcano,  which  had  commenced  on  the  28th  February,  still 
continued.     (C.  P.  t.  xxxiii.  p.  404  ;  Gamier,  M6t6or.  p.  124.) 

1840,  7th  July,  in  the  Isle  of  Bourbon,  earthquakes  recorded  without 
detail  by  M.  Meister  in  the  Annalen  fur  Meteor-  und  Erdmag.,  ler  cahier, 
p.  161. 

1844,  21st  Feb.,  8  p.m.,  in  Isle  of  Bourbon,  shocks  and  terrible  wind 
(communic.  de  M.  Meister.) 

If  we  add  to  these  five  or  six  earthquakes  the  eruptions  of  the  volcano  in 
the  Island  of  Bourbon  in  1708,  -51,  -66,  -74,  -86,  -87,  -91,  -93,  and  1800,  we 
shall  have  all  the  manifestations  which  I  can  quote  of  the  interior  activity  of 
the  globe  in  the  south  of  the  African  continent.  So  this  part  of  Africa  appears 
little  subject  to  subterranean  commotions.  But  is  it  the  same  with  the 
interior  of  the  country  ?     It  would  be  very  interesting  to  learn  this. 

Johnston,  in  his  Seismic  Map  (Phys.  Atlas,  No.  7,  Geol.),  lightly  tints 
the  southern  extremity  of  Africa,  left  untouched  by  Berghaus. 

To  these  remarks  of  Perrey  may  be  added,  that  both  Berghaus's  and 
Johnston's  seismic  maps  alike  labour  under  two  most  important  defects. 

First,  a  hard  and  rigid  line,  often  of  an  extremely  irregular  figure,  limits 
strictly  and  definitely  the  supposed  boundary  of  seismic  commotion  in  each 
assigned  region.  Two  physical  misconceptions  are  involved  in  this :  first, 
that  forces  emanating  from  a  centre,  of  the  nature  of  earthquake  shocks,  can 
have  any  definite  boundary ;  secondly,  that  a  line  drawn  upon  the  earth's 
surface  around  any  centre  of  impulse,  and  through  a  number  of  points  at 
which  the  horizontal  elements  of  shock  are  alike  (suppose  those  at  which 
these  elements  become  insensible  without  the  help  of  instruments,  which 
would  be  the  boundary  line  in  a  popular  sense),  can  possibly  have,  when 
embracing  large  areas,  a  highly  irregular  though  closed  curvilinear  figure. 
The  curve  traced  through  such  a  line  of  points  must  circumscribe  a  space 
either  nearly  circular  or  slightly  elliptic ;  all  irregularities  due  to  variation 
of  surface  vanish  over  such  vast  spaces. 

Irregular  curved  areas  are  alone  possible  on  the  assumption  of  more  than 
one  impulse  propagated  from  the  same  origin  simultaneously,  of  which  we 
have  as  yet  no  evidence. 

The  second  defect  common  to  both  those  maps,  and  possibly  difficult  to 
be  avoided  from  their  small  scale,  is  the  absence  of  any  positive  and  in- 
variable, though  conventional  principle  of  application  of  the  depth  of  tint  in 
colouring,  which  shall  determine,  by  its  depth,  the  intensity  and  frequency 
of  seismic  action  at  given  centres. 

The  principles  adopted  with  the  seismic  map  attached  to  this  report  will 
1)e  explained  further  on. 

Bergbaus's  maps  (S  Abtheil.  Gei>l.  No.  7  und  No.  9)  give  an  exceed- 
ingly imperfect  notion  of  the  whole  east  of  China,  and  indeed  of  the  Sunda 
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and  Philippine  Itlsnil  groups,  incluiling  Luzon,  iiicoiiiparaUly  tlie  lUOKt  im- 
portant and  inttresiing  eartliquake  region  on  the  face  of  the  earth.  Berg- 
haua'a  tnapB,  3  Ablheii.  Ge'il.  No.  S  und  10,  "  SpecialJu  vont  Vulkan  Giirlel," 
&e^  are  worth;  or  all  coniniRnilntion.  save  as  respects  the  oulline  of  seismic 
regions  already  adverted  to,  and  iiere  repeated  even  in  a  more  distorted 
form. 


Such  have  been  the  results  of  previous  labours  as  to  the  di^tribiitiuu  in 
time  and  space  of  earthquakes.  I  proceed  to  those  dedueed  from  nur  own 
researches. 

At  the  conclusion  of  the  Second  Keport  (1851).  the  principles  upon 
which  the  Brititih  Association  Earthquake  Catalogue  itself  was  uompibd  have 
been  described ;  it  remains  now  lu  describe  the  methods  bj-  which  it  ban 
been  discussed,  and  to  utate  the  resutbt. 

The  collection  of  an  earthquake  cnliilogue  is  a  woriL  e»<sciitially  of  a  sta- 
tistic character,  and  piirtakes  of  all  that  disadvantage  and  ii)completenes<i 
that  belongs  to  the  collection  of  fads  not  the  result  of  choice  and  experi- 
ment, but  presented  to  us,  through  various  and  imperfect  observations,  from 
many  places  and  through  long-lapsed  periods,  during  which  all  the  conditions 
of  observation  have  sutured  much  chajige,  so  that  the  facts  that  are  presented 
for  record,  and  thoM  of  which  no  account  is  gjveu,  are  alike  subject  tn 
certain  contingent  or  accidental  modifying  condiiions,  but  of  sucli  a  nature 
as  to  defy  our  making  them  part  of  our  discussion. 

So  in  A  work  which  proposes  to  collect  under  one  view  the  transmitted 
observations  of  the  whole  human  race,  and  of  all  historic  lime  on  this 
particular  subject,  the  conditions  of  human  observation  it-elf  enter  into 
the  results,  and  our  earthquake  record  is  at  once  an  account  of  these  pheiio- 
inena,  and  of  the  rise,  progress,  and  extension  of  human  knowied^je  and 
observaiioual  energy,  and  also  of  the  multiplicatiou  and  migrations  of  the 
human  family  and  its  progreos  in  maritime  power;  in  a  word,  at  every  mo- 
ment the  indeterminate  extent  to  which  man  hns  fulhlled  hi*  f;real  ileslinj* 
of  "  replenishing  the  earth  and  subduing  it,"  affects  every  continuous  record 
of  his  ubservations  or  his  art". 

The  method  of  discussion  followed  was  that  of  numerical  analysis  as  to 
time,  and  topical  analysis  as  to  space,  from  which  curves  graphically  repre- 
•eoting  the  results  have  been  projected  by  the  usual  methods. 

One  conventional  arrangement  has  been  found  inevitable.  It  refers  to 
the  cases  of  long-continued  sliglit  shocks  or  tremors,  occurring  almost  daily, 
as  at  Pignerol  in  1808;  St.  Jean  de  Maurienne  in  18S9 ;  Comrie,  in  Perth- 
shire, 18»9-1847;  and  Ragusa  in  184'3-I850.  In  these  the  slight  shocks 
recorded  for  each  month  of  the  disturbed  period  are  grouped  as  forming  one 
earthquake  at  the  locality.  Had  not  sume  such  arbitrary  ruh'  been  adopted, 
these  comparatively  insignilicanl,  though  frequently  repeated  exhibitions 
of  seismic  force  (if  they  be  such)  would,  when  introduced  in  the  curves, 
have  given,  at  certain  points  of  time,  a  false  elevation  to  the  abscissie,  while 
the  phenomena  themselves  are  not  of  a  character  materially  to  modify  our 
results  even  if  excluded. 

The  conclusions  possible  from  the  still  vast  mass  of  facts  here  lirought  to- 
gether, however,  will,  as  a  first  generalization,  be  found,  1  apprehend,  not 
unimportant. 

They  may  be  classed  under  two  great  heads;  viz.  the  relation  of  seismic 
energy  to  time  and  to  space,  or  the  distribution  of  recorded  earthquakes 
in  each.     And,  first, — 
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Of  Seismic  Energy  in  relation  to  Time. 

Plates  I.  II.  III.  IV.  V.  and  VI.  carry  down  the  stream  of  time  the  whole 
series  of  observations  from  2000  years  before  the  Christian  era  to  the  year 
1850. 

In  all  these  chrono-seismic  curves  the  ordinate  is  that  of  epochs  and  must 
not  be  confounded  with  one  expressing  in  anywise  the  duration  of  each 
shock  or  separate  seismic  effort.  The  abscissa  is  that  of  seismic  intensity, 
which  hns  been  assumed  proportional  to  the  number  of  coincident  seismic 
efforts,  without  taking  any  account  in  the  curve  of  the  variable  Intensity  of 
different  efforts.  This  i!<  a  source  of  uncertainty  that  would  not  have  been 
avoided,  but  rather  the  tendency  to  error  increased,  by  any  conventional 
law  of  enlargement  of  the  abscissa  that  could  have  been  devised  to  suit  the 
vague  proportion  of  greater  or  less  in  earthquake  narrations;  but  the  means 
are  given  to  the  reader  of  applying  such  corrective  as  the  inCormatinu  admits, 
by  placing  along  the  line  of  time  down  to  the  year  1750  the  letter  G  above 
each  epoch  at  which  an  earthquake  of  undoubtedly  great  and  destructive 
intensity  has  been  recorded,  and  the  letter  S  above  all  those  that  were  so 
circumstanced  as  to  have  been  followed  by  the  influx  of  '*  great  sea  waves." 
This  notation  might  have  been  carried  on  further,  but  that  after  the  year 
1750,  when  observations  rapidly  multiply,  the  number  of  earthquakes  re- 
corded as  being  ^  great  '*  are  so  numerous,  that  to  distinguish  their  epochs 
thus  would  have  involved  the  extension  of  the  ordinate  to  a  new  and  incon- 
veniently enlarged  scale.  For  the  first  three  centuries  of  historic  time 
(according  to  our  commonly  accepted  chronology)  it  will  be  seen  that  there 
are  no  earthquake  records,  and  that,  while  between  a.c.  1700  and  a.c. 
1400  there  are  a  few  scattered  facts,  there  is  again  from  a.c.  1400  to  A.c. 
9(X),  nearly  a  period  of  five  hundred  years  of  perfect  blank,  followed  again 
(with  a  few  exceptions)  by  another  blank  from.  a.c.  800  to  a.c.  600.  Even 
in  the  succeeding  century,  but  two  earthquakes  are  recorded ;  so  that,  in 
fact,  the  record  of  any  value  for  scientific  analysis  may  be  said  to  commence 
at  the  five  hundredth  year  before  the  Christian  era. 

It  is  only  in  the  first  century  prior  to  our  era  that  the  curve  shows  that 
observations  may  be  at  length  deemed  even  continuous,  every  previous  cen- 
tury being  interrupted  by  lengthened  lacunae. 

From  the  commencement  of  the  Christian  era  downwards  to  the  present 
day,  the  abscissae  continually  increase  in  closeness  and  magnitude,  and  at  the 
first  casual  glance  suggest  the  idea  that  earthquake  energy  has  increased 
over  the  whole  earth  during  the  course  of  ages  in  a  fearful  manner.  We 
shall  see,  however,  reason  to  correct  any  such  conclusion. 

Although  periods  of  thirty  and  forty  years  occur  in  the  second  and  third 
centuries  of  our  era  without  the  record  of  a  single  earthquake,  it  did  not 
seem  advisable  to  afiirm  bs  certain  the  want  of  all  observation,  by  the  sub- 
stitution here  of  lacunae  for  the  continuity  of  the  curve. 

The  end  of  the  third  century  first  gives  evidence  of  numerical  increase ; 
and  the  increase  thence  is  steadily  progressive  up  to  the  year  1850. 

It  is  not,  however,  until  the  seventeenth  century  that  the  increased  number 
of  earthquakes  becomes  strikingly  remarkable,  increasing  still  more  in  the 
eighteenth,  and  presenting  a  far  greater  number  in  the  first  half  of  the 
nineteenth  than  in  both  the  preceding  centuries  taken  together. 

Yet  this  vast  and  rapid  expansion,  in  the  three  last  centuries  especially, 
affords  no  pi*oof  whatever  that  there  has  been  a  corresponding,  or  even  any 
increase  in  the  frequency  of  earthquake  phenomena.  Our  chrono-seismic 
curve  is,  in  fact,  not  only  a  record  of  earthquakes,  but  a  record  of  the  ad- 
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L'  uf  human  enlerpriBe,  travel,  ami  obiiervatiui).  Tlie  epoclis  of  priming 
Htid  the  Iteronnation  arc  those  ot'  the  flrat  grt^at  expansion,  while  the  db- 
covery  uf  the  new  world,  the  voyage  to  India  roDiid  tlie  Ca[i«,  and  the  vast 
accessions  of  European  coluriizatiun  and  cotnmerce  ol'  the  ImLI50  yenra, 
connect  themselves  ai  cauieg  with  the  two  latent  curves.  We  have  traced 
at  once  the  history  o!'  a  phpical  law  and  that  of  human  progress.  How  far, 
then,  is  i[  poiuible  to  disenrangle  llie»e  elenients,  »o  us  to  arrive  at  a  con- 
clusion as  to  whether  eei«inic  energy  over  the  world  is  pn)gre9»ive,  constant, 
or  retrogrcsiiive ?  To  do  ho  perfectly  U  perhaps  tropoasible;  the  elements 
hy  which  the  rale  of  observational  knowledge  has  been  determined  are  too 
complex  and  ton  impertectty  known  to  render  any  attempt  to  fix  its  rate  of 
expansion  in  lime  probable.  Even  the  area  of  observation  itself,  the  land 
and  water  known  lo  history  at  given  epoehs,  ean  be  but  vaguely  sketched  ; 
as  vaguely  also  the  quuiImt  of  ob«erv«ri,  and  the  determination  of  the  hunuin 
mind  towards  observation.     (See  Appendix  I.) 

This  much  is  certain,  however ; — that  up  to,  and  even  Iieyond  the  Christian 
era,  no  record  of  earthquakes  exists  for  any  portions  of  Ihe  earth's  tarfac*-, 
except  for  limited  areas  of  Europe  and  Asia,  and  a  still  moie  restricted 
patch  of  Northern  Africa,  and,  If  Kaenipfer  is  to  be  credited,  for  Japan,  of 
which,  however,  we  know  nothing  for  certain.  Yet,  of  the  enonnoinly 
larger  arcaH  of  the  then  outer  and  unknown  world  since  discovered,  it  is  not 
lo  be  supposed  but  that  there  was  a  proporlionale  (perhaps  even  for  the 
"New  World"  a  more  than  proportionate)  amount  of  earthquake  energy, 
though  not  recorded  or  even  known  to  mankind. 

If,  however,  the  curve  of  total  energy  (Plate  VII.),  in  which  the  facta  of 
all  the  precefling  are  condensed  into  a  single  line,  be  examined  and  com- 
pared by  a  broad  glance  with  the  great  outline*  of  human  progress,  the  con- 
clusion appears  sufficiently  warranted,  that  during  all  historic  time  the  amount 
of  seismic  energy  over  the  observed  portions  of  our  world  mu^t  liuve  been 
nearly  constant.  To  assume  that  earthquake  disturbance  has  been  cuu- 
tinually  on  ihe  increose,  would  be  to  contradict  all  the  analogies  of  the 
physics  of  our  globe.  Thc^e  analogies  might  lead  us  to  suppose  that,  like 
other  violent  presumed  periodical  actions,  they  were  getting  spent,  and  that 
the  series  of  earthquake  shocks  would  be  found  a  converging  one.  Were 
this  so,  however,  to  any  considerable  extent,  we  should  not  find  the  vast 
expansions  of  resutts  which  the  last  BOO  years  present ;  or,  although  the  ex- 
pansion might  be  absolulely  large,  its  divergence  would  not  present  such 
decisive  features  of  progressive  increase.  The  results  due  to  Ihe  number  of 
observers  would  be  more  or  less  balanced  by  the  increasing  paucity  of  events 
to  observe  and  record  ;  but  this  appears  conclusively  to  lead  to  the  deduc- 
tion we  have  made,  namely,  that  if  the  curve  of  total  energy  be  closely 
examined  century  by  century,  it  will  be  found  that,  at  periods  of  social  torpor 
and  stagnation  of  observational  energy  (and  this  is  so  even  far  down  the 
stream  of  limp),  the  number  of  earthquakes  remains  nearly  constant,  or  with 
a  very  slight  but  nearly  uniform  increase.  Thus,  from  the  eleventh  to  the 
beginning  of  tiie  fifteonrh  century,  the  abscisste  art  almost  equal,  the  crests  of 
the  curves  being  nearly  all  ascribable  to  single  great  earthquakes,  which  made 
themselves  felt  over  vast  areas.  Their  expansion  just  keeps  pace,  so  far  as  cun 
be  judged,  with  that  of  contemporaneous  human  prt^ress  ;  but  if  the  series 
was  really  a  distinctly  convei^lug  one,  at  such  periods  we  should  tind  the 
alMcissee  decreasing  also.  On  the  other  hand,  we  find  the  increase  in  the 
number  of  recorded  earthquakes  always  coinciding  with  the  epochs  of  in- 
creased impuhe  and  energy  in  the  march  of  the  human  mind. 

We  therefore  conclude  that  our  evidence,  such  as  it  is,  indicates  a  general 
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uniformity  in  the  i)ccurrence  of  earthquakes  as  distributed  over  long  epochs 
of  time.  Setting  aside  (as  contradicted  by  all  other  sources  of  analogy  and 
information)  the  supposition  that  this  or  any  other  phenomenon  of  occa- 
sional disturbance,  has  an  increasing  development  upon  our  planet,  we  have 
two  remaining  alternatives ; — either  that  seismic  energy  is  getting  gradually 
spent  and  is  dying  out — this,  the  evidence  before  us  appears  sufficiently  to 
contradict;  or  that,  upon  the  whole,  during  our  short  and  most  imperfect 
acquaintance  with  it,  it  has  remained  pretty  uniform  throughout  historic 
time,  taking  one  long  period  with  another.  Yet,  could  we  extend  our  view 
beyond  tfae  fhftrt  limit  of  man*s  history  to  the  vast  past  duration  of  that  of 
our  globe  i^lf,  it  might  be  found  that  seismic  energy  is  really  a  slowly 
decreasing  force. 

A  conclusion  thus  appearing  at  the  first  glance  even  contradictory  to  the 
presented  results  from  which  it  is  drawn,  may  bear  a  certain  boldness  of 
aspect,  for  which  I  hope  to  find  that  the  observations  preceding,  as  to  the 
true  character  of  all  earthquake  records,  and  of  the  sort  and  amount  of  stress 
that  may  be  laid  upon  thennr,  will  be  held  a  justification. 

But  while  such  uniformity  or  insensibly  slow  decadence  may  be  the  fact 
through  time  taken  as  a  whole,  there  is  also  evidence  of  irregular  and  par- 
oxysmal energy  in  reference  to  shorter  periods ;  that  is  to  say,  not  only  (as 
all  know)  do  earthquakes  occur  at  some  times,  and  not  at  others,  in  any 
given  spot;  but,  taking  the  whole  area  of  obaiervation  together  (in  which 
there  is  no  moment,  perhaps,  or  but  a  very  brief  one,  wherein  there  is  not  an 
earthquake  somewhere,  or  more  than  one),  it  will  be  found  that  there  are 
epochs  when  they  occur  in  greater  numbers  or  intensity,  either  in  the  same 
or  in  several  places  within  a  limited  time, — t.e.  periods  of  paroxysmal 
energy. 

If  we  omit  from  our  view  all  the  curves  of  earlier  periods  and  less  ample 
observation,  and  limit  our  consideration  to  those  of  the  last  three  centuries  and 
a  half,  i,e.  from  a.d.  1500  to  1850,  this  paroxysmal  character  becomes 
evident  at  a  glance,  and  increasingly  so  in  the  last  century  and  a  half  (the 
epoch  of  all  human  history  the  most  replete  with  discovery),  wherein  the 
number  of  recorded  observations  is  so  great,  that  it  was  necessary  for  clear- 
ness to  double  the  scale,  of  the  ordinate  of  the  diagram  (Plate  VI.)  in  rela- 
tion to  the  preceding  ones.  On  examining  these  curves,  they  seem  to 
justify  the  following  deductions: — 

1.  While  the  smallest  or  minimum  paroxysmal  interval  ma5f''be  a  year 

or  two,  the  average  interval  is  from  five  to  ten  years  of  comparative 
repose. 

2.  The  shorter  intervals  are  in  connexion  with  periods  of  fewer  earthquakes 

— not  always  with  those  of  least  intensity,  but  usually  so. 

3.  The  alternations   of  paroxysm  and  of  repose  appear   to   follow  no 

absolute  law  deducible  from  these  curves, 

4.  Two  marked  periods  of  extreme  paroxysm  are  observable  in  each 

century — one  greater  than  the  other — that  of  greatest  number  and 
intensity  occurring  about  the  middle  of  each  century,  the  other 
towards  the  end  of  each. 

This  is  one  of  the  most  remarkable  facts  that  these  curves  seem  to  point 
to:  from  about  the  fiftieth  to  the  sixtieth  year  of  each  century,  both  the 
number  and  intensity  of  earthquakes  will  be  observed  suddenly  to  shoot  up ; 
again,  during  the  last  quarter  of  the  three  complete  centuries  another  but 
less  powerful  paroxysm  b  apparent.  The  paroxysmal  power  at  these  two 
epochs  in  each  century  far  exceeds  any  other  paroxysms  within  their  limits. 
1858.  B 


BEPOttT 1858. 

Within  ihe  first  period  (in  the  18th  century)  we  fiiiii  the  great  Lisbon 
earthquake;  within  the  second,  in  the  same  century,  the  grfut  Calabrian 
one.  We  tiiid  (reTerring  to  tlie  Catalogue  iti>elf)  earthquakes  iu  great  num- 
Liers,  and  many  great  ones — in  the  Metlilerranean  basin  in  the  middle  of 
the  17ih  century,  and  the  great  Juniaica  earth(|uB)ce  in  it»  latter  decade: 
and  in  the  IGlh  century,  ita  middle  period  was  marked  by  great  earth- 
quakes in  China  and  in  Europe,  and  the  latter  period  by  numeroua  shocks, 
and  most  of  them  severe,  a»  at  the  Azores,  &c.  Whethpr  ibe  latter  half  of 
oar  century  shall  show  'he  like,  reraains  to  be  seen  ;  from  its  coinmencement, 
however,  it  presents  no  paruiysiual  period  comparable  to  that  betsreen 
1840  and  1850. 

While  this  general  resemblance  of  the  curves  of  these  latter  centuries 
admits  of  no  doubt,  1  would  forbear  from  founding  anything  (hereupon  be- 
yond this: — that  within  thi«  timp  there  seems  to  elapse  a  period  of  about  a 
century  brtween  each  of  the  very  greate't  paroxysms  (number  and  intensity 
together)  of  earthquake),  and  a  like  period  between  two  other  consecutive 
paroxysinx,  of  which  the  second  is  the  next  greatest  observable,  although 
far  below  the  first  in  power;  that  a  period  of  thirty  to  forty  years  seems 
to  occur  between  the  first  and  very  greatest  paroxyTim,  an  I  that  next  in 
power  below  it ;  and  that  in  the  middle  period  (especially  in  the  17th  and 
18th  reniuries)  the  number  of  earthquakes  is  greatest  that  crowd  into  a 
very  brief  time  (four  or  five  yean"),  while  at  the  latter  period  the  number 
is  thickly  spread  over  ten  or  twelve  years. 

Upon  the  whole,  the  forms  of  tbe  curves  appear  to  indicate  a  com[>ara- 
tiveiy  sudden  burst  of  seismic  energy  at  each  great  paroxysm,  and  (by 
their  6at  tops  or  mure  sloping  lines  to  tbe  right  handj  a  more  gradual 
Fubsidence,  as  if  the  train  of  causes  required  time  to  regain,  after  one  spent 
paroxysm,  their  energy  and  regimen,  which,  when  restored,  were  suddenly 
put  into  action,  and  which,  once  developed,  were  slow  in  being  wholly 
expended  and  relapsing  into  repose. 

The  occurrence  of  such  epochs  at  the  middle,  or  towards  the  end  of  orir 
purely  arbitrary  subdivision  of  duration  into  centuries,  most  be  of  course 
only  accident.  The  interval  of  deration  bettoeen  one  epoch  and  the  next, 
is  that  alone  which  can  have  a  cosniical  basi.'. 

We  may  then  provi^iionally  affirm  the  probability  of  two  periods  of  earth- 
quake maxima — a  greater  and  a  less  alternately — as  occurring  in  a  hundred 
years,  fur  the  last  three  centuries  of  history  at  least.  The  existence  of 
tome  periodic  maxima  in  remoter  centuries  can  hardly  be  doubted,  although 
■he  epochs  uf  the  two  maxima  have  a  secular  movement,  and  do  not  fall  in 
the  same  place  in  the  older  times.  Anterior  to  the  16th  century,  however, 
the  general  curves  of  time  (Plates  I.  II,  and  III.)  are,  through  paucity  of 
obrervations,  n<it  sufficiently  "  prononc6es"  to  enable  this  to  be  asoerted  from 
them,  or  to  warrant  the  graphic  representation  iif  the  epochs  of  occurrence 
of  snch  paroxysmal  periodic  maxima  for  the  whole  even  of  the  Christian  era. 

In  Plate  VII.  fi^'.  2,  the  periods  of  paroxysm  (number  and  intensity)  are 
summed  and  grouped  for  each  successive  century  of  our  era.  The  l»t, 
.^th,  9tli,  I'ith,  and  18th  centuries  are  those  uf  greatest  seismic  develop- 
ment, while  the  1st  and  2Lid  centuries  A.c,  and  the  3nl,  7th,  10th,  and 
1 4-th  centuries  of  (mr  era,  are  limes  of  comparative  repose.  The  numerical 
value  of  the  paroxysmal  centurie,*  (as  we  may  term  lliem)  increases,  though 
nut  re^ulai'ly,  as  the  present  time  is  nea.ed,  and  is  modified,  without  doubt, 
by  the  same  comlilions  of  observation  that  affect  the  expansions  of  the  later 
curves  of  time.     We  dare  not  base  any  generalization  upon  it. 

Numerically,  we  find  the  following  average  ratios  of  earthquakes  for  the 
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successive  historic  groups,  of  time  extending  over  the  whole  record  of  the 
catalogue : — 

Table  XXIX. 


Historic  Group. 

Ratio  per  Month. 

Ratio  per  Year. 

2000  to  1000  B.C 

1001  B.C.  to  Christian  era   ... 
A,D.  1  to  A.D.  1000  

0*00033 
0-0045 
0-0185 
0-545 

1-450 
2-610 

0-004 
0-054 
0-222 
7-740 

17-370 
35-310 

A.D.  1001  to  A.D.  1850     

A.D.  1551  to  A.D.  1850 

A.D.  1701  to  A.D.  1850 

These  numbers  are  absolute  as  well  as  proportional ;  nothing  can  more 
distinctly  show  the  relation  between  the  expanding  areas  of  our  curves  of 
time  and  the  increase  of  observation. 

Sir  Charles  Lyell,  at  p.  428  ('  Principles  of  Geology,'  7th  edit.),  calcu- 
lates, upon  approximate  data,  the  average  number  of  actual  eruptions  of 
volcanic  matter  at  2000  per  century,  or  20  per  annum, — a  result  which  har- 
monizes sufficiently  with  the  preceding,  and  gives  support  to  the  commonly 
received  view  of  the  connected  nature  of  volcanic  and  seismic  phenomena. 

This  connexion  receives  further  confirmation  from  the  facts  recorded  by 
Perrey  (*  Mem.  on  Chili,*  p.  201),  as  to  the  long  duration  there,  of  many 
earthquakes  of  a  character  much  more  violent  and  decisive  than  the  tremors 
long  continued,  at  Comrie,  East  Haddam,  &c.  He  mentions  earthquakes 
in  1647,  1730,  1751,  1819,  1822,  and  1833,  each  of  which  lasted,  with  litUe 
intermission,  for  several  months,  and  which,  from  other  sources  of  in- 
formation, seem  to  have  been  in  some  instances  contemporaneous  with  pro- 
longed activity  of  the  neighbouring  volcanic  regions. 

Of  Seismic  Energy  in  relation  to  Season. 

I  now  proceed  to  such  discussions  as  the  data  will  admit,  of  the  relations 
between  seismic  development  and  the  time  of  year.  In  Plate  VIII.  are  given 
the  curves  of  mensual  seismic  energy  obtained  from  the  entire  period  of  the 
catalogue,  thirty-two  centuries. 

The  northern  and  southern  hemispheres  of  observations  have  been 
separated  for  the  following  reasons.  The  total  number  and  value  of  the 
observations  in  each,  present  great  disparity  between  them  respectively. 
We  are  enabled  graphically  to  present  5879  observational  results  for  the 
northern,  and  but  223  for  the  southern  hemispheres ;  and,  for  convenience, 
the  vertical  or  seismic  abscissa  of  the  former  is  on  a  scale  which  bears  to 
that  of  the  latter  the  ratio  of  100  :  1  ;  the  ordinate  of  time,  which  extends 
to  the  cycle  of  an  entire  year,  and  is  divided  and  marked  for  the  twelve 
months  in  order,  is  the  same  for  both  figures.  As  the  months,  in  fact,  in- 
volve or  contain  the  seasons  of  the  year,  and  indeed  all  other  divisions  of 
our  solar  revolution,  and  as  the  latter  are  unlike  for  opposite  hemispheres, 
and  are  hereafter  to  be  compared,  such  subdivision  is  necessary. 

Examining  figs.  1  and  2,  Plate  VIII.,  we  find  in  the  northern  hemisphere 
the  annual  paroxysmal  minimum  in  July,  in  the  southern  it  appears  to  be 
in  March.  The  duration  of  this  minimum  in  the  northern  extends,  with  no 
very  considerable  fluctuation,  over  nearly  two  months,  and  suddenly  rises 

e2 
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io  July ;  in  Hie  aouthcrn  the  njininium  is  murt  suddeiily  arrived  tt,  and  • 
suddenly  abaiiiloned,  andfit  eitlends  ovtr  less  than  one  iiionlh. 

ir  we  take  May  and  June  as  one  niiiiimum  in  the  Dortlieni,  wc  hav. 
a  second  but  ver^  much  lower  one  in  September,  and  the  corriupondini 
second  minimum  fur  (he  southern  hemisphere  in  August. 

The  annual  paroxysmal  maximum  Tar  the  aorthera  lieniisphpre  is  di 
stinctly  in  January,  and  for  the  southeru  in  Novenibt^r. 

Jannary  and  March  are  second  maxima  in  the  southern,  as  August  am 
October  are  in  thi;  northern. 

Whatever  be  the  irregidariiifii  month  by  month  hovvcver,  the  prepon 
derance  of  seismic  paroxysm  fortlie  whole  twelve  months  lies  amcrngst  thon 
that  form  the  winter  of  our  northern  hemisphere. 

In  Piute  IX.  li^s.  I  to  G,  curves  are  drawn  tor  mensual  energy,  for  severs 
corresponding  periods  for  the  northei'n  and  southern  hemispheres.  Figa.  i 
anil  '2  indicate  these  fir  thit  whole  period  before,  and  for  BJxIeen  centurin 
afier  the  common  cement  of  our  era.  Here  the  northern  roinimutu  fallt 
in  July,  and  a  second  minimum  in  October,  while  the  soutliero  mini 
mum  ralU  in  April,  and  ihe  second  before  September,  approximating  thui 
to  accordance  with  the  curves  of  the  whole  catalogue,  but  less"  prononc£e^' 
Then  fur  later  but  shorter  observed  periods,  figs.  3  and  \  give  the  mensusl 
•mergy  for  a.d.  1700  to  1800,  and  figs.  5  and  6  for  \.a.  IBIKI  to  1850,  being 
the  half  century  in  which,  for  convenience  of  comparison,  the  ordiiidte  nl 
time  is  double  the  scale  of  the  other  figures,  the  whole  twelve  montlis  bcinj 
represented  by  an  ordinate  of  equal  length  in  all. 

Ill  the  eighteenth  century,  then,  we  find  in  Ihe  northern  hcniisplierQ  tht 
minima  less  distinct,  occurring  in  July  and  September,  and  the  maximum  in 
January,  with  a  second  maximum  between  October  and  January  ;  aud  in  ti» 
southern  bemiiphere,  the  minima  aliout  March  and  September,  and  the 
maxima  in  May  and  December. 

Again,  in  the  first  half  of  thia  niuettenth  century  «e  have  (fig.  5)  the 
northern  minimum  in  June,  a  second  but  less  marked  minimum  between 
Novembpr  and  December,  ami  tiie  maximum  afiain  in  January  and  Fe- 
bruary; while  in  the  southern  hemisphere  we  have  (ti^,  6)  Ihe  seismic 
minimum  in  March,  and  a  second  but  much  less  marked  one  between  July 
and  August,  and  the  maximum  in  November,  with  feeble  indications  uf  a 
second  slight  one  in  June. 

Such  are,  then,  the  results  of  our  monthly  discu-sii^n.  Comparing  both 
hemispheres,  they  show  several  points  of  general  ai^reement,  and  some  of 
decided  want  of  accordance.  Little  comparative  weight  can  be  ascribed  to 
the  few  observations  as  yet  made  in  Ihe  southern  hemi-'phere,  where  >k>  large 
a  proportion  of  the  t-arth's  surface  is  covered  by  the  ocean,  and  where  so 
liLtle  of  the  laud  has.  until  a  very  late  date,  been  tlie  ^^ubject  of  observational 
record  at  all.  It  would  seem  warrantable  therefore  not  to  permit  any  such 
unaccordani  phenomena  between  the  two  hemispheres  to  obscure  the  strong 
presumption  which  the  facts  otherwis.^  suppoit,  that  there  really  is  a  seismic 
paroxysm  in  the  months  forming  the  end  and  commencement  of  the  civil 
year.  It  may  not  have  a  natural  or  cn.'imical  basis,  it  may  poss'ibb/  be  one  of 
the  accidents  in-ejjarable  from  an  ubservatioual  catalogue;  but  buth  this 
['xleniied  ealalof^ue,  and  nearly  all  the  partial  catcdo^urs  of  others,  indicate 
it  as  a  lact,  and  one  not  abaohiti-ly  witliciul  some  e.itrancous  support  in  the 
present  slate  of  our  knnwledge. 

When  we  group  the  consecutive  months  into  four  seat^ons,  spring,  summer, 
autumn,  and  winter,  and  reproduce  the  curve  of  seismic  energy  for  the  whole 
year,  and  separately  for  each   hemisphere  and   for  the  whole  period   of  the 
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catalogue,  the  same  relation  of  scale  as  before  (figs.  1  and  2,  Plate  VIII.) 
being  maintained  between  the  northern  and  southern  abscissae,  we  find 
some  of  the  apparent  anomalies  disappear.  In  fig.  1 ,  Plate  X.  the  curve  of 
season  for  the  northern  hemisphere  assumes  a  very  regular  form,  and  gives 
a  decisive  minimum  for  the  summer  season  (in  May  and  June),  and  an 
equally  clear  maximum  for  the  winter  season  (in  December  and  January). 

In  fig.  2f  Plate  X.  the  corresponding  curve  for  the  southern  hemisphere, 
however,  still  shows  two  maxima  and  two  minima,  the  maximum  at  the 
commencement  of  winter,  with  second  maximum  at  midsummer;  the 
minima  in  spring  and  autumn  assuming  the  months  constituting  the  re- 
spective seasons  reversed  in  the  two  hemispberei*.  It  must  be  borne  in  view, 
however,  that  the  base  of  induction  for  this  hemisphere  is  from  only  223 
observations,  against  5879  in  the  northern  ;  that  if  the  southern  curve  had 
been  drawn  to  the  same  vertical  scale  as  the  northern,  it  would  have  ap- 
peared  to  the  eye  as  almost  a  straight  line ;  so  that  very  little  weight  is  to 
be  attached  to  the  discordance  it  appears  to  present  to  the  corresponding 
curve,  its  necessarily  exaggerated  scale  falsely  addressing  the  eye. 

In  fig.  ^,  Plate  X.,  the  two  curves  preceding  are  combined,  but  to  the 
same  scale  of  vertical  or  of  seismic  abscissa ;  and  the  result  shows  how  little 
in  reality  the  data  that  we  possess  as  yet  for  the  southern  hemisphere  are 
capable  of  modifying  the  facts  we  have  for  the  northern.  The  southern 
curve,  in  fact,  scarcely  alters  to  the  eye  the  preceding  northern  one ;  and 
the  new  curve  of  season  for  both  hemispheres  presents  still  the  winter  maxi- 
mum and  summer  minimum. 

In  fig.  5,  Plate  X.,  a  curve  has  been  obtained  for  the  whole  period  of 
the  catalogue  and  for  both  hemispheres,  representing  graphically  all  recorded 
earthquakes  occurring  near  or  at  the  equinoxes  and  solstices  (the  critical 
epochs  of  Perrey  and  others)  within  a  limit  of  twenty  days,  i.e.  ten  days  be- 
fore and  ten  days  after  each  equinox  and  solstice.  The  base  of  induction  is 
moderately  large,  the  catalogue  containing  the  following  numbers : — 

Vernal  equinox  (March  10—30) 310 

Summer  solstice  (June  11 — July  1) 254? 

Autumnal  equinox  (Sept  13 — Oct.  3)    249 

Winter  solstice  (Dec.  1 1 — 31) 318. 

This  we  may  call  the  equinoctial  and  solstitial  curve  of  comparative  seismic 
energy.  It  indicates  a  distinct  maximum  about  the  winter  solstice,  and  an 
equally  distinct  minimum  rather  before  the  autumnal  equinox.  Taking  the 
average  of  the  whole  year  for  any  lengthened  period,  it  may  admit  of  much 
doubt,  whether  there  b  any  real  seismic  paroxysm  at  the  equinoxes  and  sol- 
stices, although  a  clear  preponderance  is  shown  by  our  catalogues  at  two  out  of 
the  four  annual  epochs  at  which  all  are  recorded ;  yet,  from  the  accordance 
of  Perrey's  results  with  those  given  by  this  much  larger  base  of  induction, 
we  cannot  put  aside  the  possibility  that  the  fact  may  have  a  cosmical  basis. 

The  most  direct  connexion  in  such  case  that  we  should  expect  to  find, 
with  other  ascertained  periodical  phenomena,  would  be  with  the  annual 
march  of  the  barometer.  In  fig.  4,  Plate  X.,  the  annual  curves  of  mean 
mensual  barometric  pressure  are  laid  down  to  the  same  scale  of  ordinate  for 
time  as  the  equinoctial  and  solstitial  seismic  curve  below  (fig.  5),  giving  the 
variation  in  atmospheric  pressure  for  places  in  several  and  distant  latitudes, 
Macao,  Havanna,  Calcutta,  Benares ;  and  in  Europe,  Halle,  St  Petersburg, 
Berlin,  Paris,  and  Strasburg, — the  curves  themselves  having  been  reduced 
from  those  of  MM.  Buch,  Dove,  and  Kaemtz. 

On  comparing  these  barometric  curves  with  the  seismic  one,  an  obvious 
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Bimilarity  adilfrssea  ihe  eye.  1»  there  any  real  riilBCioii,  liowevrr?  In 
the  First  Report  (1S50),  p.  68,  Ac,  I  have  treated  uC  tbe  relatiuns  nT 
atmnspiieric  preBi>urc  with  earthquakes,  and  at  p.7S  have  indicated  a  powible 
link  of  coiineJiioii  of  a  direvf  character  between  lliem,  and  shown  how  it  is 
t^onceivahle  thHt  local  increase  of  barometric  preMure,  and  diminution  siinul- 
taneoualy  elsewhere,  may  conspii'e  with  other  cnnditioDS  to  bring un  volcanic 
actioD,and  hence  earthquake;  and  Perrey  has  hinted,  in  his  memoir  on  France, 
p.  da  (4to),  at  some  relation  between  hii*  reisniic  mensusl  curves  for  Italy  and 
Gurope,  having  a  minimum  in  November,  and  Duve'jt  barometric  curves, 
given  in  Fogg.  Ann.  for  184-3,  pp.  177,  201,  wliich  show  aomelhiiig  analogous 
(quel^ue  chose  daneUogue),  Here  we  observe  (comparing  figs.  4'  and  5]  tbe 
barometric  minima  very  closely  correspond  with  the  seismic  minima,  and 
vice  versa.  Uearing  in  mind  the  fuct,  that,  an  the  sun  gets  nearer  the  zenith 
with  the  advance  ol'  spring  and  Bummer.  the  barometer  falls,  and  that,  tukiiig 
the  whole  earth  together,  the  atnioi<pberic  pressure  in  less  over  those  portions 
of  its  surface  where  it  is  summer,  and  greater  over  thouc  where  it  is  winter; 
and  that  these  differences  of  pressure  are  greater  in  general  as  tlie  latitude 
is  lower,  so  tliBt  Himultaneously  that  hemispheric  suiTuce  of  the  globe  uhich 
is  SI  the  time  most  heated  by  the  sun  is  also  least  pressed  upon  by  tbe 
atmosphere,  and  rice  verad ;  it  seems  warrantable  to  presume  a  cosniical  and 
even  a  possibly  direct  connexion  between  tbe  tno  pheuomena;  and  this 
receives,  agnin,  some  sujiport*  from  tbe  fact  (though  not  without  large 
exceptions),  that  on  the  whole  the  great  earthquake  bands  of  tbe  world  pass 
through  low  latitudes,  uhere  these  barometric  and  thermic  fluctuations  are 
most  developed. 

It  would  be  worse  than  uwless,  however,  to  speculate  minutely  uptm  the 

fihysical  rt-lalions  of  those  facts,  in  the  present  imperfect  slate  of  our  know- 
edge  of  their  connexion. 

The  attempts  which  I  have  made  to  ascertain  an  absolute  relation  in 
number,  from  any  discussion  of  the  Catalogue,  between  tbe  recurrence  of 
seismic  paroxysm  at  the  equinoxes  and  solstices,  and  at  an  equal  period  of 
twenty  days  throughout  the  whole  range  of  time,  have  been  nugatory  ;  it  is 
impracticable  to  extricate  a  result,  in  which  any  contidence  could  be  reposed, 
from  the  observational  expansion  and  irregularities  with  the  advance  of 

We  must  not  be  discouraged,  however,  that  after  the  vast  labour  bestowed 
by  so  many,  upon  cataloguing  earthquakes  and  discussinp  the  results,  we 
find  these  do  not  bring  us  even  to  the  threshold  of  positive  knowU'dge,  and 
that  the  main  reward  of  toil  so  far,  is  the  having  cleared  away  rubbish,  and 
at  length  ascertained  bow  far  lists  of  facts,  such  as  have  been  hitherto  com- 
piled from  the  best  available  materials,  are  of  any  further  use.  General 
Sabine,  in  his  Introduction  to  vol.  iii.  of  the  '  Magnetical  and  Meteorological 
Observations  made  at  Toronto,'  p.  vii,,  when  narrating  the  former  state  of 
niatrnetical  science  as  compared  with  its  present  position,  says,  "a  few  of  the 
(ierman  observers  had  begun  to  note  the  disturbance  of  the  horizontal  force ; 
but  as  yet  no  conclusions  whatsoever  as  to  their  laws  had  been  obtained  :"  in 
the  M'orJs  ol'  the  Itepuit, "  thedislurbancrs  apparently  observe  no  Ihm."  Such 
may  almost  be  said,  as  to  our  present  knowlt'dge  of  thp  di-tribulion  of 
earthquakes  in  time  and  in  ppaee,  as  referable  to  any  niitural  law.  We 
know  how  the  position  of  terrestrial  magnetism  has  bcconie  altered  since 
tiiij  time  referred  to  above  by  one  of  its  best  promoters;  let  us  expect  the 
same   (or  seismology,  and   await  nith   hojie  the   rich   flood  of  light  that  its 

*  Sec  sUa  M}1iir,  Rnlisli  EsilliqimUs,  Edin   Phil.  Joiiin.  vol.  ixxi. 
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laws,  when  once  reached,  must  shed  upon  terrestrial  physics.  The  period 
of  mere  cataloguing  (like  that  of  fossil-list  making  in  the  earlier  geology) 
seems  now  past ;  we  must  give  it  up,  and,  in  the  words  of  Herschel,  *'  we 
must  now  grapple  with  the  palpable  phenomena,  seeking  means  to  reduce 
their  features  to  measurement,  the  measures  to  laws,  the  laws  to  higher 
generalizations,  and  so,  step  by  step,  advance  to  causes  and  theories." 
(Address,  Camb.  1845.) 

Many  cases  are  recorded  in  the  Catalogue  of  Earthquakes,  of  shocks 
occurring  at  two  very  distant  places  upon  the  earth's  surface,  but  felt  simul- 
taneously, or  nearly  so,  at  both.  The  coincidence  in  time  is,  for  all  very 
distant  places,  rendered  extremely  doubtful,  from  errors  of  observation  and 
of  clocks,  and  of  their  reduction  for  difference  of  longitude  when  the  places 
are  not  on  the  same  meridian. 

Milne  also  has  collected  several  such  instances ;  for  example — 

February    1750... England  and  Italy. 

March         1750... England  and  Italy. 

May  1750... England  and  Calabria. 

August       1750... England  and  European  Turkey. 

February    1756..  England  and  Central  France,  Holland  and  the  Rhine. 

November  1756... Scotland  and  Malta. 

January      1768... Shetland  and  Central  England. 

December  1789... Edinburgh  and  Florence. 

February    18 18... Great  Britain  and  Sicily. 

September  1833... England  and  Peru. 

August       1834... Scotland  and  Italy. 

September  1834... England  and  Peru. 

In  these,  however,  the  coincidence  in  time  cannot  be  assured  within  several 
hours  ;  and  it  must  be  admitted,  with  Mylne,  that  the  probability  of  any- 
thing more  than  mere  coincidence  is  extremely  slight. 
In  1840-41  he  found  three  shocks  of  this  character:  viz. 

March  1840 Scotland  and  Germany. 

June     1841 Terceira  and  St  Louis. 

July      18^1 Scotland  and  France. 

(Edin.  Phil.  Journ.  xxxi.  to  xxxvi.) 

A  few  such  instances,  that  possess  a  closer  approximation  in  time  and 
some  additional  probability  of  actual  coincidence,  have  been  extracted  from 
the  Catalogue,  and  have  b^en  drawn  in  the  diagram  (Plate  X  bis)  to  scale,— 
those  which  had  horizontal  components  of  motion  in  the  meridians  N.  to  S. 
or  S.  to  N.  being  placed  at  the  right  and  left  sides  of  the  great-circle  section 
of  the  globe ;  and  those  with  horizontal  movement  E.  and  W.  or  W.  and  E., 
placed  above  and  below. 

Right  lines  connecting  the  supposed  distant  points  of  coincident  shock  by 
chords  of  the  circle,  would  probably  pass  through  the  origin  or  centre  of 
disturbance  common  to  both  places  on  the  surface.  The  origin  might  be 
deeper  to  any  extent,  and  possibly  somewhat  nearer  the  surface,  at  least  in 
the  cased  of  the  longer  chords.  Were  any  reliance  to  be  placed  upon  these 
coincidences,  some  of  them  would  thus  give  a  depth  of  origin  of  about  800 
miles  below  the  surface.  None  of  those,  however,  that  appear  to  have  any 
satisfactory  evidence  of  a  real  connexion  in  time  and  in  origin,  suggest  a 
depth  for  the  latter  of  even  one-tenth  that  amount.     All  our  other  know- 
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ledgei  both  or  BeUiuic  and  volcanic  pben 
fuel  very  much  nearer  the  existing  surface ;  and  the  Jiugrain  inay  lie  re- 
garded as  coDclusire  evidence  that  these  presumed  coincident  earthquakes 
at  very  distant  points,  even  if  proved  simultaneous,  are  unconnected,  and 
have  different  origins. 

In  the  most  singular  ca»e  on  record,  that  of  Ochotzk  and  Quito,  places 
nearly  antipodal,  the  common  origin  would  actually  be  in,  or  not  remote 
from,  the  earth's  centre ;  and  it  is  not  conceivable  that  the  shock,  which,  if 
sufficiently  powerful,  inuot  in  such  cases  be  I'elt  nearly  simultaneously  over 
the  whole  globe,  nhould  have  been  confined  to  ihc  two  extremities  of  a  eiogle 
diameter. 

In  recapitulation,  it  may  be  convenient  to  give  in  itHoilters,  for  ocCBEionnl 
reference,  a  few  of  the  salient  results  of  the  dislribution  in  time,  already 
graphically  discussed  i — 

No.  of  No.  of 

Earthquakes.       Y»ri. 

Total  number  of  recorded  earth(tuake!>  up  to  a.d 58  1 7Qli 

Total  number  from  a.d.  to  end  of  the  ninth  century  . .    197  tKX) 

Total  number  from  the  beginning  uf  the  tenth  to  thi^ 

end  of  the  fifleenlh  century 3Vi  6W 

Total  number  from  the  beginning  of  the  sixteenth  to 

the  end  of  the  eighteenth  century 280+  300 

Total  number  from  beginning  of  nineteenth  century  to 

Ihe  end  of  the  year  1850 S240  SO 

Total  Catalogue. _    6831 

The  number  of  great  eartlK^uakes  (i.e.  those,  as  already  defined,  in  which 
whole  cities  and  towns  have  been  reduced  to  rubbish,  many  lives  lost,  &c.) 
have  been  but  imperfectly  exhibited  graphically,  and  not  at  all  for  the  later 

centuries,  from  their  lao  frequent  recurrence  making  their  notation  difficult 
or  confused  ;  they  are  here  given  numerically. 

Number  of  great  earthquakes  from  third  century  b.c.  to  beginning  of 

our  epoch  i 

Number  of  same  from  a.d.  to  the  end  of  the  ninth  century 15 

Number  from  l)eginning  of  the  tenth  century  to  the  end  of  the  fifteenth 

century 44 

Number  from  beginning  of  the  sixteenth  century  to  the  end  of  the 

eighteenth  century. 100 

Number  from  beginning  of  the  nineteenth  century  to  1850 5S 

Total 216 

If  we  double  the  la:.t  number  but  one,  to  embrace  the  entire  100  years,  the 
correspondence  between  the  results  for  the  two  last  periods  is  remarkably 
close,  viz.  100  and  lOti, — and  although  the  series  is  xtill  an  expanding  one, 
yet  as  the  numbers  for  the  Itjth  and  17lh  centuries  are  not  large;  it  is 
probable  that  for  the  l.isl  150  years  at  least,  our  uewsof  all  jrJ"«/(  earthquakes 
have  been  complete,  and  the  rataloguing  of  fhem  perfect,  showing  that  at 
present  we  may  calculate  upon  l-37^say  1-4,  or  nearly  I-i  recurrences  of 
great  and  disastrous  earthquakes  every  year,  at  some  one  or  more  places  on 
the  oaiih's  surface,  or  one  great  earthquake  ilisasler  every  fiffht  mmUhs. 
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The  total  number  oi  earthquakes,  classed  by  months,  is  as  follows : — 


Northern. 

Southern. 

Seasons, 
North. 

Seasons, 
South. 

January 

627 
539 
503 

489 
438 
428 

19 
14 
9 
17 
20 
19 
18 
12 
17 
25 
32 
21 

1669 
1355 
1366 
1489 

42 

56 
47 

78 

February    

March    

April 

May  

Jane 

July  

Aafrust  

415 
488 

September 

October 

463 
516 
473 

500 

November 

December 

Totals  

5879 

223 

5879 

223 

Total  of  Catalogue  for  both  hemispheres  capable  of  mensual 

cias»=]ficatioQ 610^ 

Total  of  unciassed,  except  as  to  annual  date   670 


Total  number  catalogued 
of  which,  there  are  recorded  by  sipason  only — 

Spring     

Summer 

Autumn 

Winter    


6772 


•  •  •  •  • 


ToUl 


6 

7 
7 
5 

95 


January,  February,  and  March  have  been  taken  for  the  spring  of  the 
Northern  Hemisphere,  and  for  the  Southern,  July,  August,  and  September. 

From  the  commencement  of  Catalogue  to  a.d.  1700,  the  recorded  earth- 
quakes in  the  northern  hemisphere  are  to  those  in  the  southern,  940  :  21, 
or  as  44*3  :  1.  Again,  from  a.d.  1700  to  1800,  the  northern  are  to  the 
southern,  1883  :  57»  or  33  :  J ;  and  from  the  year  1800  to  1850,  or  conclusion 
of  the  Catalogue,  the  northern  are  to  the  southern,  3076  :  145,  or  21*2  :  1, — 
a  further  indication  of  the  effect  upon  any  such  statistic  record,  of  the  march 
of  human  discovery,  the  last  fifty  years  having  brought  into  play  the  vast 
seismic  regions  of  the  Southern  Ocean  and  South  Pacific,  before  all  but  un- 
known. The  observed  earthquakes  in  the  Southern  Hemisphere  may  now 
be  estimated  at  from  43  to  50  per  century,  or  one  every  two  years.  (See 
Appendix,  No.  IJ.). 

DistribtUion  in  space. 

Such  are,  perhaps,  ail  the  legitimate  conclusions  that  we  can  now  come 
to  on  the  distribution  in  historic  time  ;  and  we  now  proceed  to  the  discussion 
of  the  Catalogue,  with  respect  to  their  distribution  in  space  upon  the  surface 
of  our  earth.  The  method  adopted,  was  that  of  graphically  reproducing 
the  area  of  each  recorded  earthquake  by  the  superposition  of  coloured  tints 
upon  a  large  Mercator's  map  of  the  world.  The  map  chosen  for  use  was 
that  arranged  by  J.  Purdie,  and  published  by  Laurie,  London,  1851, — the 
dimensions  being  75  inches  by  48  inches,  which  admitted,  from  its  large 
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Biie,  of  perfect  clearness  and  accuracy  in  the  laying  duwu  the  most  complex 
Ificalitieft,  and  those  in  which  the  shuck?  are  most  numerous.  This  has  been 
reproduced  to  a  much  reduceil  scale  (Piute  XI.),  to  accompany  the  present 
Report  ;  but  although  executed  with  much  skill  and  care,  by  the  lithographfr 
and  engraver,  1  And  with  regret  that  its  small  size  has  rendered  a  perrecijy 
accurate  transcript  of  the  original  impracticable,  and  that  a  very  imperfect 
DDtion  or  the  latter  is  conveyed  by  the  reduced  map. 

Strictly,  thelimits  of  every  earthquake  are  completely  indeterminate  ;  arid 
were  our  globe  peifectly  Bolid,  homu^eneous,  and  elastic,  no  limits  but  its 
own  could  be  assigned  to  any  shock  from  whatever  centre  originating.  The 
practical  limit  (so  to  speak)  is,  howevpr,  whi're  the  movement  has  become 
insensible  without  instrumenial  aid  ;  for  such  have  been  all  the  observations 
dealt  with  in  our  Catalogue.  This  frequently  embraces  enormous  surfauc- 
sreas;  but  these  scidotn,  perhaps  nowhere,  are  syinmelrically  posited  round 
the  centres,  or  presumed  cmtres,  of  disturbance. 

We  are  not  concerned  here  with  any  of  the  smaller  or  local  circumstances 
that  modiTy,  in  different  radii  Iraced  from  auy  seismic  centre,  the  effects, 
and  the  directions  and  distances,  to  which  they  are  sensibly  transferred,  but 
merely  with  some  of  the  greater  imd  constant  conditions  (for  the  same  region) 
in  which  some  of  the  great  natural  features  of  the  earth's  surface  perma- 
nently modify  or  limit  the  transfei'ence  and  area  of  transfer  of  earthquake- 
waves  transmitted  from  adjacent  centres.  Thus,  along  the  whole  chain  of 
the  South  American  Andes,  the  propajjation  of  shuck  is  greatly  more 
towards  the  west  than  to  the  eastward, — the  highest  crests  and  intermediate 
valleys  forming  a  rude  sort  of  limit,  beyond  which,  to  the  eastward  and  into 
the  heart  of  the  table-land  of  the  continent,  shocks  felt  with  destructive 
effect  down  to  the  shores  of  the  Pacific  are  propagated  with  greaily  di- 
minished force,  or  rather  are  so  felt  upon  the  surfiice. 

Again,  to  take  another  large  example,  the  Nortlieru  Indian  earthqiiakeii, 
whose  origin  is  in  Nepaul  and  ulotig  the  central  Himalayan  axis,  are  pro- 
pagated southwards  and  westwards  into  the  great  plain  of  India,  far  more 
than  northwards  into  the  enormous  ma^s  of  table-land  of  Central  Asia. 
We  are  at  this  moment  not  concerned  with  the  causes  of  this,  but  simply 
with  the  fact,  that  in  these  examples,  and  in  several  analogous  instances,  it 
is  a  matter  of  observation  that  certain  great  natural  features  of  the  earth's 
surface  and  material,  do  modify  the  tbrmii  of  the  surface-areas  shaken, 
and  render  them  unsym metrical,  shortening  the  radii  in  one  direction, 
lengthening  them  in  another;  so  that  the  area,  which  in  a  more  homo- 
geneous mass  would  approach  a  circular  or  elliptic  form,  tends  to  an  elon- 
gated, linear,  or  irregular  outline. 

In  laying  down,  then,  the  forms  and  sensible  area  of  shock  of  each  earth- 
quake catalogued  (and  often  necessarily,  from  the  imperfect  data  alone 
atTorded),  the  following  rules  were  adhered  to: — 

1".  When  the  form  anil  sensible  limits  of  the  shaken  area  were  ascertain- 
able from  the  narratives,  they  were  adopted. 

2°.  When  these  were  wanting,  as  in  the  great  mass  of  cases  recorded,  then, 
as  respects  form,  the  physical,  geological,  or  other  conditions  of 
each  area,  known  to  modify  the  distant  propagation  of  shock,  were 
attendid  to. 

3".  As  respects  sensible  arra,  when  this  could  not  be  ascertained  for 
any  one  diameter  of  the  shaken  area,  frotn  the  narratives,  certain 
arbitrary  convcntii>nal  inlrs  (founded  upon  a  natural  basis,  however) 
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The  method  of  colouring  therefore  was  this.  The  whole  of  the  recorded 
earthquakes  of  the  Catalogue  were  subdivided  preliminarily,  with  as  careful 
H  judgment  as  possible,  into  three  great  classes  : — 

I**.  Great  earthquakes,  being  those  in  which,  over  large  areas,  numerous 
cities,  &c^  were  overthrown,  multitudes  of  persons  killed,  rocky 
masses  dislocated,  and  powerful  **  secondary  effects"  produced. 

2^.  Mean  earthquakes,  or  those  which,  although  perhaps  having  a  wide 
superficial  area,  were  recorded  to  have  produced  much  less  destruc- 
tive effects  upon  cities,  &c.,  and  little  or  no  changes  upon  natural 
objects  and  scarcely  any  loss  of  life. 

8^.  Minor  earthquakes,  limited  to  those  which,  although  sensible  and 
producing  in  their  full  development  some  effects  (fissures,  &c.)  upon 
buildings,  did  not  affect  natural  objects  at  all,  and  left  few  or  no 
traces  of  their  occurrence  after  the  shock. 

Of  the  first  class,  the  great  Lisbon  shock  of  1755  may  be  taken  as  a 
familiar  type.  Of  the  secoud,  examples  are  frequent  over  Central  Europe 
and  the  Mediterranean  ba^in,  Southern  Asiatic  Russia,  &c.  And  of  the 
third  class  we  find  notices  almost  daily  from  every  quarter. 

As  respects  the  very  smallest  development  of  this  class,  namely,  the  con- 
tinuous tremors  of  Comrie,  Pignerol,  &c.  &c.,  they  were  grouped  into  single 
shocks  upon  the  same  method  as  described  previously  for  their  discussion  as 
to  distribution  in  time. 

To  distinguish  these  three  classes  upon  the  map,  three  different  inten- 
sities of  water-colour  tint  were  prepared — all  irom  the  s^ame  colour  (red 
ochre  and  Indian  yellow).  The  first  and  most  intense  having  been  decided 
to  designate  the  first  class,  that  for  the  second  was  obtained  of  one-third 
the  intensity,  by  dilution  with  three  volumes  of  water ;  and  the  third  by 
dilution  of  the  second  with  three  volumes  again, — the  intensities  of  the 
three  tints  being  therefore  as  the  numbers  1,  J-,  and  ^,  or  9,  3,  and  1.  A' 
single  wash  or  application  of  the  tint  relative  to  its  class,  upon  the  given 
locality,  designated  each  earthquake  when  laid  down  on  the  map;  and 
the  form  or  boundary  of  the  tint,  when  not  to  be  had  historically,  being 
ruled  by  physical  considerations  as  already  briefly  described,  the  extent  or 
superficial  area  of  the  tint  (when  not  derivable  from  the  narratives),  was 
arbitrarily  fixed  by  the  following  rule : — 

4-^  The  extreme  radius  of  great  earthquakes  (1st  class)  was  assumed  equal 
to  9°,  or  about  540  geographical  miles ;  that  of  the  2nd  class  at  3°, 
or  180  geographical  miles ;  and  that  of  the  3rd  at  a  single  degree,  or 
60  geographical  miles. 

These  were  determined  from  the  consideration  that  our  records  give, 
when  viewed  with  a  broad  glance  and  apart  from  physical  and  local  limiting 
conditions  of  a  powerfully  disturbing  character ;  t.  e.  when  the  area  of  dis- 
turbance has  had  a  sensible  surface-boundary  approaching  to  an  irregular 
circle  or  ellipse, — a  sensible  diameter  of  about  1000  to  1200  miles  for  great 
earthquakes,  and  about  400  for  those  of  our  second  class,  those  minor 
ones  of  the  third  seldom  extending  to  above  100  or  150  miles  in  diameter. 

In  the  case  of  the  enormous  surface-areas  of  the  first  class,  however,  it 
has  rarely  been  necessary,  in  the  later  years  of  the  catalogue  period,  to 
make  use  of  this  convention  at  all,  the  historic  boundaries  being  usually 
attainable.  These  in  many  cases  comprise  areas  of  surprising  extent :  thus 
the  great  Nepaul  earthquake  of  1833  extended  sensibly  over  7^  lat.  by 


RBpaRT~1858. 

15'^  long.,  a  surface  four  tiiiiea  tliat  of  Great  Britaiu,  and  twice  and  a  faulf 
that  uf  France. 

Tlie  Cutch  eartliquake  uf  1819  extended  Ifom  E.  to  W.  5",  and  from 
H.  to  S.  6°  tbougli  its  dinieiistons  hi  latitude  are  ratlier  ill-deiined.  ('  Asiat. 
Joum.'  vol.  xii.  n.  s.) 

Tlie  Lisbon  (1755)  paithquake,  and  a  few  of  tliose  of  the  Mhlayan  and 
Calabrian  groups,  and  u(  Houth  America,  were  sensible  la  certain  surface- 
radii  or  great  circles  over  i  8°,  or  perhapa  even  20° ;  but  ihese  are  the  extreme 
devclopmenU  of  our  first  class,  and  their  limits  historical,  and  therefiire  not 
affecting  the  [ireceditig  conveutiona.  Some  tarthquakea  recorded  in  the 
catalogue  it  tvas  oecessar}'  to  omil  laying  down  upon  the  map  at  all,  inasmuch 
OS  no  suflicient  data  could  be  gathered  to  fix  a  probable  Wat  surface  cenlre, 
nor  any  infornia^on  aa  to  the  comparative  energy  of  the  nioveniCDt.  For 
euunple,  some  eBrth(|UAke3  (though  but  few)  will  be  found  catalogued  as 
"in  China,"  "in  Libya,"  &c.,  with  scarcely  any  particular*  given.  Theae 
omisE^iuns  are  not  sufficiently  numerous  to  affect  the  main  retulu 

Besides  these  inauparuble  elements,  volcanic  and  seismic  phenomena,  an- 
other intimately  related  phenoineiion  hax  been  marked,  as  far  as  the  data 
enable  it.  Those  tracts  of  the  earth's  surface  which  have  been  presumed, 
with  more  or  less  probability,  to  be  in  slow  process  of  «ubMdence  to  a 
lower  level,  are  marked  by  blue  tints,  the  boundaries  of  which  arc  un- 
defined to  a  great  extent.  These  embrace  the  coral  tracts  of  Darwin,  the 
west  coant  of  Greenland,  and  a  »niall  tract  of  the  southern  shores  of  the 
Baltic.  All  minor  subsiding  areas  close  to  or  in  the  midst  of  volcanic  centres 
(»ucli  as  the  shore  of  Italy  ni-ar  Napleit)  are  unnoticed,  as  such  changes  of 
level,  due  to  the  immediate  action  of  adjacent  valcanoes,  are  almost  pfr- 
petual,  and,  in  proportion  to  its  slate  of  activity.  &c-,  common  to  every  Mich 
area  over  the  globe. 

On  examining  the  Mcrcalor  map  (I'iale  XII.),  then,  upon  which,  subject 
to  the  above  rules,  the  whole  CaLilogue  has  been  graphically  repret^iited  by 
tinting,  it  is  to  be  remarki^d  that — 

1.  The  whole  of  the  earth's  surface  known  to  be  subject  to  earthquakes 

will  be  found  tinted  more  or  less  intensely. 

2.  The  most  deeply  tinted  surfaces  mark  the  places  where  either  the 

number,  or  the  intensity,  or  both,  of  successive  earthquakes  are  the 
greatest. 

3.  Whether  at  any  one  point  the  depth  of  tint  be  due  to  number  or  to 

intensity,  and  the  relation  between  these,  may  be  found  by  reference 
to  the  Catalogue  ib<elf. 

4.  The  shading-off  or  evanescence  of  tint  towards  the  extreme  sensible 

limits  of  Che  seismic  (coloured)  regions  over  the  whole  map  is  due 
(not  to  shading  or  evanescence  of  colour  in  the  arti-^t's  sense,  but) 
to  the  superposition  of  littls  only  upon  the  principles  already  ex- 
plained. Hence  it  follows  (admitting  the  two  conventions  made,  as 
to  intensity  and  area,  and  the  partial  extent  to  which  these  in- 
Hueuce  the  results  hi^oricnily  gotten),  that  the  tinting  upon  this 
seismograph ic  map  docs  as  truly  represent,  over  our  earth,  the  known 
seismic  regions  in  form  and  extent,  and  the  relative  intensities  and 
succesMivc  developments  of  seismic  action  therein,  as  the  contour 
lines  of  a  contoured  map  represent  the  forms  of  irregular  surfaces, 
and  the  rate  of  inclination  of  the  slopes  and  valleys  by  their  ap- 
proximation or  separation;  or  as  truly  as  (upon  certain  engraved 
maps,  e.ff.  Irish  Haihv.iy  Commission  of  Ireland  and  some  German 
Olios)  the  ri'la'ive  heights  and  rapidity  of  rise  of  mountain  chains  are 
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graphically  represented  by  multiplying  the  engraved  lines  that  pro- 
duce the  shades  (or  tints)  in  the  joint  ratio  of  the  heights  and  rates 
of  slope,  i.e.  as  the  sines  of  the  angles  upon  a  given  base. 

I  therefore  venture  to  present  this  map  as  more  than  a  mere  picture — as 
being,  in  fact,  a  first  approximation  to  a  true  representation  of  the  distri- 
bution of  earthquake  forces,  so  far  as  they  are  yet  known,  over  the  surface 
of  our  world. 

The  volcanoes  (including  fumaroles  and  solfataras)  are  shown  by  black 
dots,  and  all  that  are  known  to  be  in  activity,  or  ,are  recorded  to  have  been 
so,  or  from  other  evidence  may  be  presumed  to  have  been  so,  within  the 
historic  or  late  geologic  periods,  have  been  represented,  from  the  authoritie;» 
of  Johnston,  Berghaus,  V.  Holf,  Daubeny  and  others. 

The  exactitude  of  the  number  of  volcanic  vents  along  the  great  lines  of 
foci,  18,  however,  less  important  to  our  object  than  the  marking  in  of  isolated 
volcanoes. 

Let  us  now  examine  our  map  in  detail,  and  see  what  it  can  teach  us,  taking 
for  the  starting-point  of  our  seismic  survey  the  meridian  of  Greenwich,  the 
central  point  nearly  of  the  dry  land,  and  passing  eastward  in  our  review. 
But  first  let  us  notice  some  points  in  the  physical  features  of  the  earth's  sur- 
face. Of  the  111,000,000  of  square  miles  of  ocean  (in  round  numbers) 
covering  three-fourths  of  the  surface  of  our  globe,  the  greater  part  is  to  us  a 
blank,  so  far  as  direct  observation  is  concerned,  the  exceptions  being  the 
Atlantic  with  a  part  of  the  Southern  Ocean  from  about  10^  S.,  northwards, 
and  of  the  Northern  Ocean  up  to  nearly  70^  N., — nearly  all  other  marine 
seismic  observations  being  in  connexion  with  centres  upon  adjacent  land. 

We  see  these  enormous  pelagic  areas,  consisting  of  irregular,  saucer- 
shaped,  shallow  depressions,  bounded  by  flowing  coast-lines  which,  by  the 
connecting  points  of  oceanic  banks  and  islets,  we  can  generally  unite  into 
closed  curves,  forming  thus  distinct  but  inosculating  basins — of  which  the 
Northern  and  Southern  Pacific  together  form  the  largest  example.  Those 
vast  but  comparatively  very  shallow  depressions  may,  when  viewed  in  indi- 
vidual detail,  be  subdivided  into  smaller  shallow  concavities  by  banks  and 
shallows  below  the  ocean  surface.  But  each  great  oceanic  saucer,  bounded 
by  the  existing  continents  and  their  fragmentary  outliers,  presents  an  almost 
continuous  fringe  around,  of  mountain-chains  and  volcanic  foci.  Thus,  start- 
ing from  Mount  Elias,  long.  141°  W.,  lat.  60°,  at  the  northern  extremity  of 
the  Pacific,  we  find  a  scattered  chain  of  volcanoes  along  the  west  coast  of 
North  America,  with  a  continuous  bounding  coast  line  of  mountains.  South 
of  the  gulf  of  California,  the  Mexican  and  Central  American  volcanoes,  with 
those  of  the  South  American  Andes,  carry  on  a  closely  linked  chain,  almost 
to  its  southern  extremity.  Here  the  volcanoes  of  Tierra  del  Fuego  trace  the 
line  on  towards  that  of  Graham's  Land,  where  it  plunges  into  the  unknown 
regions  of  the  Antarctic  continent. 

Returning  to  the  extreme  north  again,  from  Mount  Elias,  we  have  the 
almost  unbroken  line  of  mountain  and  volcano  of  the  Aleutian  Archipelago; 
carried  down  through  the  great  elevated  peninsula  of  Kamtschatka,  the  Kurile 
Isles,  Jesso,  Japan,  the  Philippines;  and  to  the  north  of  New  Guinea  by  its 
volcanoes  and  those  of  New  Britain,  the  Solomon  Isles,  Egmont,  New  He- 
brides, New  Caledonia,  and  New  Zealand,  to  the  Antarctic  ice  again  at  the 
Balleny  Islands  and  Buckle  Volcano — a  connected  belt,  with  the  exception 
of  the  unknown  Antarctic  region,  round  its  vast  pelagic  circuit.  Within 
this  the  subordinate  or  secondary  basins  are  marked,  though  less  distinctly, 
by  lines  of  volcanic  foci :  thus  from  Japan  to  New  Ireland  through  the 
Ladrone  Islands,  a  distinct  though  sparse  line  of  volcanoes  cuts  off*  the  basin 
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(nearly  one-Iiairilje  area  of  ArHcs)  bounded  oti  tliv  nurtli  liy  Japaii>  < 
tlie  wost  by  tlie  Philippines. 

From  lal.  30°  S.,  a  sub-oceanic  crest-line  of  shallows  appears  to  spur  off 
eastward  Trom  the  volcanic  Foci  of  New  Caledonia  and  New  Zealand,  and, 
trending  westward  and  a  little  northward  through  the  Tonga.  Society,  Mar- 
quesas, and  Gallapagos  Islands,  conuecled  by  continuous  bankstjoins  the  Cen- 
tral Aioeriran  group  of  volcanoes,  thus  cuttin);  the  great  ocean  basin 
nearly  into  two  secondaries,  each  of  which  is  probably  in  a  less  marked  iiian- 
ner  subdivided, — the  northern  sub  basin,  by  a  line  through  Christmas  and 
the  Sandwich  Islands,  to  some  point  of  the  volcanic  group  of  the  Aiidrca- 
nofiiky  Islands  in  the  Atlantic  Archipelago,  making  in  its  course  a  wide 
sweep  to  the  east  and  north  through  an  almost  continuous  chain  of  islManiJ 
banks;  and  the  southern  sub-basin  by  a  line  from  the  Sncii^ty  Inlands 
through  Eaiter  Isle  and  Joan  Fernandez,  and  combining  with  the  grvM 
Chilian  volcanic  chain  at  its  eastern  extreme. 

A  vast  li^ure  (noticed  by  Humboldt),  and  marked  by  an  almost  continuous 
line  of  volcanic  vents,  extends  in  a  direction  nearly  east  and  nwt,  right  across 
Mi'xico,  between  lai.  N.  18°  and  1S°.  It  is  nearly  500  miles  in  Itiigth.  Its 
main  direction,  if  produced,  bcar«  upon  the  volcanic  island  of  Revillegigedu, 
and,  aa  Humboldt  also  thinks,  probably  extendi  to  Miiuna  Itoa,  lo  the  Sand- 
wich Inlands.  The  Mexican  extremity  of  this  enormous  crcva<se  probably 
marks  the  continental  end  of  one  of  the  great  dividing  ridges  of  the  anb- 
basins  of  the  Pacific. 

Within  the  great  Pacific  Basin  will  be  found  (tinted  blue)  most  of  those 
great  areas  of  probable  subsidence  indicated  by  Uarwin*.  The^  bands  will 
be  observed  occui>ying  the  great  sub-basins  of  the  ocean,  not  very  distant 
from  great  volcanic  lines,  and  although  not  (with  our  present  imperfect 
knowledge  of  aoundinga)  quite  free  from  the  suspicion  of  occasionally  inter- 
seeling  such  lines  (e.  ff.  Marquesas  and  Society  Islands,  Ladrone,  and  New 
Guinea),  yet,  on  the  whole,  keeping  surface  positions  intennediate  to  the 
volcanic  cinctures  adjoining  or  around  them. 

Leas  distinctly  we  may  trace  the  cincture  of  mountain-  and  volcanic  chain 
around  the  shallower  Atlantic  basin,  and,  through  it,  upon  the  subntarine 
elevations  dividing  its  sub-basins.  Thus,  starting  from  Iceland ;  the  Ferro 
Isles,  Scotland,  and  the  mountains  of  Wales  and  England  (with  the  breach 
of  the  English  Channel,  a  narrow  line  in  relation  to  the  scale  of  our  pment 
survey),  the  Uhenish-Ciennan  chains,  the  French  and  Western  Alps,  the 
Pyrenees,  to  Cape  Finisterre  and  the  coast  of  Pirtugal,  connect  bj  the 
Azores,  and  by  innumerable  submarine  rocks  and  shoals,  across  to  New< 
foundland.  Here  the  lines  to  the  northward  may  be  pronounced  unknown, 
until,  returning  back  to  IceUnii,  we  find  it  approximates  to  the  point  we 
left  through  the  great  igneous  and  abrupt  coast-line  of  Greenland. 

In  connexion  with  thi)  oceanic  basin,  we  have  two  probably  subsiding 
tracts  of  land — the  one  in  Davis's  Straits,  the  olher  in  the  Baltic— both  tinted 
blue. 

The  Central  Atlantic  forms  a  well-marked  basin  girded  with  volcanoes  and 
mountain- ranges.  Leaving  the  liist  stated  boundary-line  at  Newfoundland, 
and  going  again  east»aril  to  the  Azores,  thence  through  Madeira  to  the 
(Canary  Isle-J,  the  Cape  de  Verds  and  including  the  great  sub-oceanic  vol- 
canic region  between  1.5°  and  .10°  long,  W.,  and  iai.  ;i°  N.  tu  10°  S.,  going 
westward  by  the  island  of  Fernando  Noronha  to  Cape  St.  lioque  on  the  ex- 
treme east  of  the  South  American  continent,  returning  to  Newfoundland, 

'  Pac'iUc.     Ass.  Anier.  Gcol.,  Albany,  1843,  and 
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we  trace  the  line  southwards  through  the  several  chains  of  the  United  States 
down  into  Georgia,  where,  with  the  comparatively  narrow  breach  of  Lower 
Florida,  it  is  carried  on  by  Cuba  and  the  whole  chain  of  volcanic  islands  of 
the  West  Indies  to  Trinidad  and  the  South  American  continent  again. 
The  Gulf  of  Mexico  and  Caribbean  Sea  form  a  smaller  but  separate  basin. 
In  the  southern  Atlantic  we  can  trace  a  dividing  ridge  through  South 
Ascension — the  great  suboceanic  tract  just  referred  to — North  Ascension, 
St.  Helena,  and  probably  to  Cape  Negro  on  the  African  west  coast,  and 
thence  to  the  Cape  of  Good  Hope,  and  returning  westward  by  Tristan 
d*Acunha,  thence  S.W.  to  the  Isle  of  Georgia  (lat.  55°  S.)  and  through  the 
Falicland  Islands  to  the  volcanoes  of  the  southern  point  of  South  America; 
but  this,  like  the  sub-basins,  through  the  scattered  indications  which  alone 
we  yet  have  in  the  vast  southern  portion  of  the  Eastern  or  Indian  Ocean  west 
of  Australia,  is  uncertain. 

There  is  little  doubt  that  Australia,  on  its  northern  existing  coast-line,  was 
once  united  with  New  Guinea  and  the  Aru  Islands  west  and  south  of  it 
(Wallace,  Silliman*s  Journal,  vol.  xxv.),  and  possibly  with  much  of  the  land 
outlying  to  the  west  of  that  vast  and  now  isolated  continent ;  if  not,  the 
intermediate  seas  would  be  much  deeper  than  they  are,  and  the  west  coast  of 
Australia  with  its  mountainous  chains  would  bound  an  ocean  basin  whose 
western  boundary  would  be  marked  by  a  line  of  volcanoes  from  New  Guinea 
to  New  Zealand  and  the  Southern  Sea. 

The  seas  of  Ochotsk,  of  Kamtschatka,  of  Japan,  and,  above  all,  the  Chinese 
and  Malayan  Seas  with  Borneo  in  the  midst,  form  so  many  distinct  basins, 
small  relatively  to  the  vast  areas  we  have  been  reviewing,  but  distinct  and 
strongly  marked.  In  the  Chinese  Sea  we  have  a  probable  tract  of  subsiding 
land,  tinted  blue  upon  the  evidence  of  Darwin.  The  bay  of  Bengal,  well- 
marked  all  round  northward  from  Sunda,  and  belted  with  volcanoes  to  the 
Ganges,  and  with  mountains  near  the  coast  thence  to  Ceylon,  joins  probably 
Western  Australia  by  a  suboceanic  ridge,  indicated  through  the  rocks  of 
Greville  and  Compton,  the  Island  of  Apaluria  with  the  adjacent  submarine 
volcano  of  1789,  and  the  ocean  shallows  and  soundings,  about  100°  W. 
long,  and  20"^  to  25°  S.  lat. 

The  separate  basin  of  the  Arabian  Sea  is  equally  distinct,  from  Cape 
Comorin  along  the  Malabar  coast,  all  highly  mountainous,  Beloochistan  to 
the  mouth  of  the  Persian  Gulf  (itself  a  small  basin),  thence  by  the  Arabian 
coast-line  to  the  volcanic  region  at  the  mouth  of  the  Red  Sea,  and  into 
Abyssinia  with  its  characteristic  and  enormous  crater-form  lake  of  Tzana 
(though  as  yet  not  possessing  any  earthquake  record),  and  thence  through 
rrgions  scarcely  known  upon  the  East  African  coast,  crossing  to  the  Comoro 
Islands  (volcanic)  and  to  the  mountainous  regions  of  Madagascar, — the  vol- 
canic islands  of  Bourbon,  Mauritius  and  Rodriguez,  the  Nazareth  and  Saya 
banks,  the  Chagos  Archipelago  and  the  Maldive  and  Laccadive  Islands, 
completing  the  cincture  with  the  Malabar  coast  again. 

Along  the  great  band  of  these  islands,  and  thence  trending  westwards  by 
the  Saya  bank,  lies  one  of  the  great  tracts  of  ocean-floor  which  Darwin  has 
shown  to  be  probably  subsiding  (tinted  blue).  Assuming  that  this  really  is 
a  band  of  subsidence,  it  would  be  more  probable  that  the  volcanic  girdle 
takes  a  wider  sweep  to  the  south  and  west  of  this  band,  and,  leaving  the 
Inland  of  Rodriguez,  makes  for  the  volcanic  centre  marked  in  the  ocean  at 
long.  90°  £.,  lat.  10°  S.,  and  thence  turns  northward  to  join  Ceylon,  Cape 
Comorin  and  the  volcanic  region  of  Pondicherry. 

Leaving  the  great  ocean  and  great  continent,  we  trace  smaller  basins 
(or  rather  saucers,  for  their  extreme  shallowness  in  relation  to  their  surface- 
area  must  never  be  lost  sight  of),  where  larger  portions  of  the  elevated  moun- 
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tain- cincture,  studded  liere  and  there  with  volcanic  vents,  are  found  unsub- 
merged  and  inland  (i.  e.  wliere  t|je  basin  within  its  boundary  fs  partljr  land 
and  parti)'  water),  thus:  j^tna,  Lipari,  and  Vesuvius,  ihe  Apennioe  chain, 
the  southern  and  western  Alps,  tlie  Pjrreneee,  and  the  great  tableland  ami 
axial  chains  of  the  Spanish  peninxula,  with  the  mountaitis  of  Northern  Africa, 
on  through  Pantellaria  and  Sicily,  I'onn  one  such  basin.  Closely  connected 
with  ihU  is  the  adjoining  basin  of  the  JEs^itn  with  the  volcanic  Greek  li'ilanda  : 
the  Black  Sea,  with  the  volcanic  regionA  of  Armenia  and  the  Caucasus  form 
a  distinct  basin  extending  on  the  north  far  into  Russia ;  the  Caspian,  with  the 
Sea  of  Aral  and  the  plain  of  Tartary  embrecin);  Persia,  unothrr,  having  n» 
own  volcaBoea  near  the  former  <<eB,  nhile  Central  Asia,  so  little  known,  >eeins 
probably  divisible  into  several  la^t  saucer- 1  ike  areas,  north  of  llie  great  tablc' 
land,  of  which  the  great  lakes  and  the  AltAi  chains,  with  their  imperfectly 
described  volcanoes,  probably  mark  some  parts  of  the  cinctures,  but  which, 
in  the  absence  of  knowleilge  »«  to  relative  levpl,  it  would  be  premnturo  lo 
attempt  to  trace.  Many  of  these  basins  further  on  tu  the  ni-rlh  pppear  nn 
longer  bounded  by  closed  curves  upon  land,  but  to  open  out  along  the  grent 
river-courses  which  run  northward  nnd  become  lost  lo  our  knowledge  in  the 
icy  solitudes  of  northern  Asiatic  Rus-ia. 

Northern  Europe  presents  us  with  the  great  Scsodinaiiun,  German,  and 
Hussian  saucer,  whose  features  have  been  made  so  clear  to  us  by  the  labours 
of  Murchison  and  others;  while.  Further  north  and  west,  a  distinct  oceanic 
basin  appears  ia  the  Northern  Sea,  iif  which  the  Norw^ian  chain,  Shetland, 
the  Ferro  Islands,  Iceland,  the  west  coast  of  Greenland,  and  the  volcanic 
islands  of  Jan  Mayen,  are  the  marked  boundaries. 

North  America,  so  far  as  its  surface  has  been  ascertained,  is  divisible  inti> 
several  well-marked  shallow  basins,  the  most  obvious  being  those  of  the 
Mississippi ;  of  the  Arctic  Highlands  ;  the  two  deserts  east  and  west  of  the 
Rocky  Mountains  (lat.  S(f  to  A<f  N.)  :  and  of  the  great  Inkes,  to  v,  hich  may 
be  added  herealler  Labrador  and  the  North  of  Canada  with  Hudson's  Bay : 
the  eastern  talus  of  the  great  Atlantic  slope  falling  into  the  boundary  of  the 
Atlantic  basin,  Emiugh,  however,  has  probably  been  stated  to  indicate 
that,  viewed  upon  the  broadest  scale,  the  surface  of  our  jjliibe  eonjists,  ua 
respects  it^  present  solid  surface,  of  a  number  of  saucer-like  depressions, 
when  large,  having  iiUo  convex  central  areas,  all  having  plan  outlines 
approximating  to  extremely  irregular  ovals  or  other  closed  curves,  and 
bounded  by  mountain-chains  or  mere  rounded  or  flat-topped  ridges  or  etevK- 
tions  of  the  solid  sjihere,  greater  or  less.  Where  three  or  more  of  these  inoscu- 
late, the  point  between  the  junction  is  most  t'retjuently  a  group  of  mountaiii* 
or  a  high  tableland,  or  both, — as,  for  example,  the  knots  (Cusco  and  others) 
of  the  South  American  Andes,  upon  which  the  suboceanic  ridges  abut. 
The  greatest  of  these  saucer-like  concavities  either  form  or  subdivide  the 
beds  of  the  ocean,  but  other  such  shallow  basins  can  be  traced  upon  the 
existing  land,  and  embracing  seas  or  parts  of  seas,  or  great  lakes,  or  river- 
eourses  within  Iheni,  but  still  enelosed  by  girdling  chains  of  mountains  or 
the  precipitous  Hanks  of  tablelands,  which  latter  in  their  full  development 
are  the  pedestals  of  the  greatest  mountain-cliain<.  Among^^t  the  wide- 
sweeping  curves  that  indicate  the  dividing  erects  (if  we  may  use  such  a 
word  to  designate  elevations  ol'icn,  espeeiaily  in  (he  subdividing  ridgei-  t^tht 
nceanic  sub  fuisins,  so  very  low  in  relation  to  the  areas  they  separate)  of  these 
vast  oceanic  basins,  it  appears  inipo:!sibk'  to  trace  any  approacli  to  parallelism, 
or,  indeed,  that  such  an  arrnngement  could  e\i>l. 

We  do,  however,  remark,  th.it  it  is  along  those  girdliDg  ridges,  whether 
mountain- ranges  or  mere  continuous  swelling  elevations  of  the  solid,  which 
divide  these  basins  boncatli  the  ocean  surface  one  from  the  oliier,  that  all 
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the  volcanoes  known  to  exist  upon  the  earth's  surface  are  found,  dotted 
along  these  ridges  or  crests  in  an  unequal  and  uncertain  manner. 

And  as  our  oceans  and  greater  seas  are  bounded,  and  below  their  water- 
surface  subdivided,  by  these  ridges,  along  the  lines  of  which  the  volcanic 
foci  are  found ;  so,  as  long  observed,  it  is  a  fact  that  all  active  volcanoes  are 
comparatively  close  to  the  sea,  or  to  some  large  body  of  water;  indeed, 
they  could  not  present  the  phenomena  they  are  known  to  do,  without  a 
supply  of  water,  and  nearly  always  of  sea-water,  more  or  less  constant  and 
plentiful,  derived  from  this  propinquity.  (See  Trans.  R.  I.  Acad.  vol.  xxi. 
pp.  98,  99.) 

However  different,  then,  may  have  been  the  train  of  forces  upon  which  the 
elevation  of  the  mountain-chains  and  other  relatively  raised  lines  of  the  pre- 
sent surface  have  depended,  from  those  which  now  produce  the  ejections 
thrown  up  by  vulcanic  action,  the  latter  seem  to  follow  upon  the  traces  of 
the  former  ;  and  we  shall  find  that  the  earthquake  generally  does  so  likewise. 
The  distinction  long  made,  into  linear  and  circularly  grouped  or  clustering 
volcanoes,  I  conceive  has  no  foundation  in  nature.  By  far  the  largest  pro- 
portion of  all  the  volcanic  vents  over  the  whole  earth  are  found  arranged 
along  the  flowing  lines  of  mountain-chains. 

The  so-called  clusters  or  ctVcuicir  groups  never  are  found  covering  surface- 
areas  larger,  if  so  large,  or  more  widely  apart,  in  any  single  group,  than  those 
within  which  volcanic  vents  are  found  that  undoubtedly  belong  to  linear  ar- 
rangements (Mexico  for  example). 

Nearly  all  the  clusters  or  circular  groups  of  volcanoes  are  situated  in  the 
ocean,  and  far  from  continental  land  ;  they  stand  on,  and  are  connected  with 
each  other,  by  oceanic  plateaux,  rounded  submarine  ridges,  shallows,  rocks, 
and  islands,  and  by  similar  connexions  with  points  of  continental  coasts, 
either  mountainous  or  volcanic.  The  conclusion  seems  justifiable,  that 
these  clusters  or  groups  are  the  only  visible  points,  '*  few  and  far-between," 
situated  along  sub-oceanic  linear  volcanic  ranges,  along  which  the  open 
vents  are  probably  much  fewer  than  along  equal  lengths  on  land,  but  still 
marking  as  truly  as  the  most  thick-set  linear  vents  the  great  lines  of  fracture 
of  the  earth's  crust.  Were  this  the  proper  place,  much  might  be  adduced 
in  support  of  this  view  of  volcanic  distribution. 

The  connexion  between  volcanic  and  seismic  effort  U  so  obvious,  although 
the  nature  of  their  connexion  has  been  so  little  understood,  that  we  are 
prepared  to  find  the  deepi^st  tints  of  the  seismic  map  fringing  off  from  those 
great  mountain -ranges  where  the  volcanic  foci  stand  close  in  rank ;  but  it 
was  not  before  so  apparent  that,  along  the  elevated  ridges  or  mountain- 
ranges  that  gird  and  divide  the  great  surface-basins,  even  when  not  volcanic, 
or  when  volcanic  foci  are  rare  and  widely  separated,  the  earthquake  is  still 
found  to  range  in  broad  bands,  following  the  general  line  of  the  crest. 

Upon  a  very  much  minuter  scale  of  survey  than  we  are  now  occupied  with, 
such  would  seem  dependent  upon  the  physical  fact,  that  the  earth-wave 
will  be  best  and  furthest  propagated  through  the  most  solid  and  elastic  line 
of  material,  that  is,  in  the  axial  line  of  mountain-chains  and  valleys,  as  is 
found  to  be  the  case  ;  but  the  indication  of  our  map  is  a  far  more  extensive 
one,  and  points  to  some  different  and  deeper  cause.  Thus,  to  resume  our 
seismic  survey  of  the  Map,  Iceland,  Ferro,  Shetland,  and  the  south-west 
coast  of  Norway,  nearly  to  Christiania,  form  a  broad  band  of  seismic  con- 
nexion, which  would  probably  run  on  to  Greenland,  and  along  its  coast  to 
Jan  Mayen,  did  we  know  anything  of  their  earthquake  history. 

The  fact  (if  it  be  so),  that  the  west  coast  of  Greenland,  in  Davis's  Straits, 
is  sinking  gradually,   would   in  nowise   conflict  with   the  probability   of 
1858.  r 
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seismic  action,  or  even  elevation  of  the  opposite  eastern  coast,  which,  it  ii 
txtremely  probable,  maj  be  slowly  rising,  just  ta  the  Scandinavian  peninsatu 
U  doing  :  and  it  does  not  acem  a  dispropuriioned  supp«^itJOD,  that  all  ibree 
changing  levels  are  due  to  ihe  prodigious  scale  of  volcanic  action  going  on 
Bi  Iceland. 

The  Swedish  system  is  another  band  stretching  north-west  from  the 
great  lakes  to  Kola  Bay  in  Russian  Lapland ;  and  I'liturc  obserraiion  may 
probably  include  in  it  the  parallel  chain  of  the  OoffrefeU  Mountains.  To 
the  south  we  mark  the  bmHd  band  whose  extremities  are  Portugal  and  the 
Azores,  always  in  seismic  sympathy  with  each  other,  ond  with  which  the 
band  uf  the  Conariea  is  in  relaiion  through  Madeira,  and  is  itlso  more 
distinctly  connected  wiih  the  earthquakes  ol'  Barliary  and  Morocco. 

From  Tunis,  a  narrow  but  intensely  marked  seismic  band  stretches  up 
through  Sicily  and  Italy,  sends  off  a  spur  to  Ihe  wen  thrungh  the  Alps  of 
Piedmont  and  Southern  France,  along  the  whole  line  of  ibe  Pyrenees, 
and  to  the  northern  coast  of  Spain  ;  and  widening  out  over  the  central  Alps, 
so  as  to  cover  a  Urge  area  of  central  Southern  Europe :  extending  east  and 
west  from  Lyons  to  Vienna,  it  again  contrarts  in  width  at  about  the  latituda 
of  Strasburg,  and  stretches  awaj  northwards  over  the  whole  Rhenish 
mountain  eysteiu,  and  becomes  nearly  evanescent  upon  the  low  plain*  ot 
Holland  and  the  coasts  of  the  North  Sea,  where,  though  infrequent,  earth, 
quakes  are  not  unknown. 

Over  the  great  plain  of  Central  Euro)  e,  and  far  into  Southern  Russia  to 
the  north  of  the  Euxine,  the  want  of  observation*  with  distinct  dimensions 
renders  any  attempt  at  precise  buutidary  nugatory.  Were  unr  records  better, 
the  Carpathians  would  no  doubt  stand  out  in  stronger  tint  than  the  well- 
inhabited  country  of  Poland  and  the  Vistula,  where  ttie  greater  frequency  of 
■eismic  records  deepen  the  tint  from  Cracow  up  towards  Riga.  Better  ob- 
•ervations  would  no  doubt  also  mark  with  a  deejier  tint  a  band  of  connexion 
along  the  Balkans  and  line  of  the  Danube,  between  the  Austrian  Alps,  so 
frequently  shaken,  and  the  Bosphorus,  where  the  neighbourhood  of  CoD- 
staniinople  shows  itself  abnormally  intense,  from  the  reiterated  records  of 
earthquakes  there  that  have  been  collected  century  after  century  at  that 
ancient  seat  of  splendour  and  civilization.  Thus  it  is  that  the  disturbing 
causes  that  we  have  remarked  as  affecting  the  Catalogue  follow  into  ita  du- 
cussion  in  space  as  well  as  we  have  seen  they  do  into  that  of  time. 

A  broad  but  somewhat  ill-defined  seismic  band  stretches  from  the  GreU 
Archipelago  to  Constantinople,  spreads  over  a  large  portion  of  Asia  Minor, 
and  is  cariied  through  Palestine,  on  to  the  valley  of  the  Lower  Nile  end  Ihe 
coasts  of  the  Red  Sea,  extending  further  south  along  its  Arabian  shore. 
From  the  tiulf  of  Scanderoon,  by  Aleppo  and  Mosul  to  Lake  Van,  and 
the  south  of  Ararat  to  Shirvan  and  Baku  upon  the  Caspian,  a  wide  band 
of  great  and  long-continued  energy  extends,  which  probably  joins  into  the 
Caucasus  and  is  connected  with  the  seismic  system  of  the  Ourals  in  the 
distant  norlh. 

Again,  from  about  the  parallel  of  Bagdad,  a  broad  but  ill-defined  seismic 
band  stretches  nearly  due  east  through  the  whole  of  Persia,  Khorassan,  and 
to  the  Hindoo  Kornih,  sending  ofT  a  narroxer  band  along  the  chores  of  the 
Persian  (iulf.  About  Cabool  the  Persian  hand  Joins  into  the  vast  seismic 
area  of  Norlherii  India — a  band,  whose  northern  boundary  is  the  Hima- 
layan chain,  and  whieh  stretches  upurly  parallel  to  it  from  Cabool  to  Cal- 
cutta and  to  the  (iulf  of  Cutch.  lieloochistan  appears  exempt,  but  probably 
only  because  hitherto  without  observation  or  record.  leaving  the  vast  and 
tlrongly  agitated  seismic  ^^ystem  of  Central  Asia,  of  the  bouuriaries  of  which 
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flo  little  is  yet  known  beyond  the  general  fact  that  northwards  the  seismic 
bands  appear  to  follow  the  great  river-courses,  or  more  probably  the  great 
axes  bounding  them^ — and  passing  also  the  so  frequently  convulsed  Chinei^e 
empire,  which  appears  to  have  two  chief  seismic  centres  about  Pekin  and 
Canton  (these  cities  have  been  the  centres  of  observcUUm  for  all,  or  nearly  all, 
the  Chinese  records  of  earthquakes  that  we  possess,  and  hence  one  reason  of 
the  depth  of  seismic  tint  around  them ;  but  it  is  also  to  be  observed  that  two 
of  the  great  volcanic  districts  of  the  '*  Fire  Hills  and  Fire  Wells**  of  China  are 
situated  within  the  tinted  or  shaken  regions  adjacent  to  the  two  capitals), 
with  a  third  more  central  volcanic  region,  of  which  I  am  not  aware  that  any- 
thing is  known  seismically, — ^and  remarking  the  apparent  exemption  of  Cochin 
China,  for  which  there  are  no  records, — we  at  length  arrive  at  the  greatest  and 
most  formidable  earthquake-  and  volcanic  region  upon  our  globe.  Stretching 
in  a  vast  horse-shoe,  convex  to  the  south,  from  Burmah  and  Pegu,  and  sur- 
rounding the  great  island  of  Borneo,  with  an  intervening  belt  of  sea,  and 
reaching  round  to  Formosa  on  the  north-west,  we  have  an  almost  continuous 
girdle  of  volcanoes  and  lofty  mountains.  Every  island  of  the  group,  in- 
cluding Java  and  Sumatra,  Celebes  and  Mindanao,  is  shaken  with  earth- 
quakes the  most  formidable  and  frequent ;  and  we  can  point  to  no  spots  upon 
the  whole  earth*s  surface  upon  which  seismic  energy  is  exhibited  with  an 
intensity  equal  to  that  of  Luzon  and  Sumbava. 

Nothing  even  in  South  America  or  Mexico  appears  to  rival  the  grandeur 
of  volcanic  energy  and  resultant  seismic  action  here.  In  1815  the  thunder- 
ings  of  Tomboro,  in  Sumbava,  were  heard  nearly  1000  miles  away  (through 
the  earth  no  doubt).  The  ashes,  or,  more  correctly,  the  finely-divided  tu5i- 
dust,  floating  in  the  air,  made  mid-day  into  darkness  SOO  miles  away  in  Java, 
and  were  precipitated  at  sea  even  a  thousand  miles  from  the  point  of  ejec- 
tion, while  whole  tracts  of  country,  with  inhabited  towns,  have  suddenly 
become  engulphed  and  disappeared  during  periods  of  eruption,  which  over 
a  large  portion  of  the  chain,  from  one  extreme  to  the  other,  are  almos^t 
continuous. 

Tt  will  be  remarked  that  the  seismic  tint  is  both  more  intense  and  rela- 
tively more  circumscribed  in  area  along  the  bands  that  surround  the  linear 
volcanic  vents,  where  they  cluster  thick,  than  along  mountain-chains  or 
ridges  that  possess  few  or  no  volcanic  vents.  This  no  doubt  arises  from  the 
centres  of  impulse  in  active  volcanic  lines  being  situated  at  a  comparatively 
small  depth,  in  fact,  coming  from  the  actual  bases  of  the  crater,  or  not  far 
beneath  ;  and  hence  the  horizontal  propagation  is  not  so  great  for  a  given 
force  of  impulse  as  where  its  centre  is  situated  deeper,  and  the  explosive 
effort  rendered  abortive  to  rupture  the  solid  crust  above.  The  intensity  of 
tint  in  the  former  case  is  due  to  repetition  of  effort,  as  well  as  to  occasional 
intensity  of  impulse. 

An  earthquake  in  a  non- volcanic  region  may,  in  fact,  be  viewed  as  an 
uncompleted  effort  to  establi.^h  a  volcano.  The  forces  of  explosion  and 
impulse  are  the  same  in  both ;  they  differ  only  in  degree  of  energy,  or  in  the 
varying  sorts  and  degrees  of  resistance  opposed  to  them.  There  is  more 
than  a  mere  vaguely  admitted  connexion  between  them,  as  heretofore  com- 
monly acknowledged — one  so  vague,  that  the  earthquake  has  been  often 
stated  to  be  the  cause  of  the  volcano  (Johnston,  '  Phys.  Atlas,*  Geology, 
p.  21),  and  more  commonly  the  volcano  the  cause  of  the  earthquake,  neither 
view  being  the  expression  of  the  truth  of  nature.  They  are  not  in  the  rela- 
tion to  each  other  of  cause  and  effect,  but  are  both  unequal  manifestations 
of  a  common  force  under  different  conditions. 

Further  north   w«  have   the  somewhat  less  terrible,   but   yet  deeply- 
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coloured  aebmic  bunds  of  Japan,  the  Kuriles,  and  KamUchutka ;  and,  p 
ing  to  tbe  opposite  shore  u(  the  Pacifi<',  we  arc  presented  with  the  dee; 
coloured  grisniic  bands  of  Mexico  and  the  Soutli  American  Andei,  wt 
i  reaches  far  out  into  the  ocean,  but  eastward  or  landwarc 
checked  bj  tht  great  chain.  The  reason  of  this  fact,  which  has  been  be: 
alluded  to,  i«  nut  hard  to  find.  The  general  section  of  the  South  Ameri 
continent,  from  west  to  east,  consists  of  a  comparatively  low-lying  nar. 
littoral  border-country  on  the  Pacilic;  then  the  immense  chain  of 
Andes  rising  in  successive  ranges  lo  the  axial  peaks,  and  beyond  thpE 
vast  plateau — the  elevated  land  of  the  great  rnnlincDt — reaching  ovei 
r  the  western  coast,  where  some  lower  ranges  of  mountains  termii 
the  Atlantic  shore  and  bound  its  basin.  This  ia  rudely  shown  in  the  ace 
pauying  figure  (I). 

Fig.  I- 


Now  if  a  shock  he  transmitted  from  any  origin  within  the  great  ch 
and  below  the  level  of  the  great  tableland,  a6,  as  Irom  a  point  x, 
transmitted  elastic  wave  in  the  direction  la,  reacliin<!  the  surface  an« 
very  short  trani^it,  will,  in  accordance  with  the  welUknown  law  of  els 
bodies,  have  its  amplitude  increai^ed  (ju-t  as  the  Inst  billianl-ball  of  a 
of  touching  balls,  is  that  which  is  projected  when  the  tirstof  the  litie  issti 
by  the  blow  of  a  propelled  ball),  and  more  powerfully  nhake  all  aurfi 
objects  at  «  than  others  situated  at  a,  although  at  an  etjual  radial  diste 
from  the  centre  of  effort, — the  free  movement  of  the  elastic  wace  b( 
here  reacted  upon  by  the  elastic  mass  of  the  tableland  which  blocks  its 
until  compressed.  Objects  on  the  tableland,  ut  an  equal  distance  f 
the  origin,  may  (dependent  upon  its  depth)  receive  the  shock  {evei 
of  only  equal  amplitude)  at  such  an  angle  of  emergence  as  will  give  a 
power  of  overthrow  to  the  horizonlal  component  of  the  wave's  trai 
There  will  in  every  ca*e  be  a  reflected  wave  back  from  the  mass  of 
tableland — an  earthquake  echo — producing  at  s,  or  along  the  littoral  bor 
a  second  shock,  with  a  line  of  direction  nearly  the  same,  but  with  a  direc 
of  motion  reverse  to  the  first,  one  shock  only  being  felt  on  the  tableland 

To  return,  the  seismic  band  of  the  Andes,  at  the  extreme  north  of 
continent,  and  at  Trinidad,  inosculates  with  that  of  the  West  India  Isia 
which  sweeps  round  the  Caribbean  Sea,  and  appears,  so  far  as  records 
to  transmit  its  movements  further  into  the  Atlantic,  than  into  the  for 
sea :  if  so,  that  probably  arises  from  causes  quite  analogous  to  those  alr€ 
explained  for  South  America — a  shallower  sea -bottom  to  the  westward 
the  Caribbean  Sea,  thus  playing  the  part  Inwards  the  deeper  bottom  of 
Atlantic  that  the  tableland  plays  towards  the  littoral  slope  of  South  Amei 
The  North  American  records  have  been  too  few  and  ill-defined  as  lo  bourn 
to  produce  as  yet  any  very  distinct  conclusions  from  the  tint?,  which  pr 
however,  that  its  western  and  southern  seahoiird  are  by  no  means  free  f 
earthipiake.  Tlii.-i  has  in  great  part  arisen  from  the  great  want  of  orogra] 
delineation  on  nearly  all  (even  the  largest  and  best)  maps  of  the  United  Sli 
which  omit  all  heights  and  natural  feature*.  The  Californian  system  we« 
the  Rocky  Mountains,  that  of  Upper  Misi-ouri,  of  the  Mi«>issippi,  and  tht 
the  norihern  lake<  and  basin  of  rhe  St.  Lawrence,  form  the  chief  and  sepa 
regions  in  which  larthqunkpit  have  been  so  far  observed  most  frequently 
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Future  observation  will  probably  show  a  connexion  between  the  great  sub- 
oceanic  seismic  tract  of  the  South  Atlantic  and  the  South  American  conti- 
nent on  its  western  sea-board,  between  Cape  Roque  and  La  Plata.  It  does 
not  appear  so  far  to  have  any  connexion  with  the  opposite  African  coast  be- 
tween Cape  Palmas  and  the  Bight  of  Biafra.  A  better  knowledge  will  also  pro- 
bably widely  extend  the  seismic  boundary  of  the  Cape  of  Good  Hope  along 
both  the  east  and  west  shores  of  Africa  to  the  northward,  and  bring  within  it 
the  great  island  of  Madagascar,  as  to  which  nothing  is  so  far  known.  New 
Zealand  (unhappily  for  its  future  progress)  will  afford  one  of  the  best  regions 
in  the  world  for  the  study  of  volcanic  and  seismic  phenomena  in  their  con- 
nexion. 

The  earthquake-baud  of  Western  Australia,  at  present  so  small  in  propor- 
tion to  its  vast  surface,  will  probably  be  found  to  reach  much  further  towards 
the  interior,  and  embrace  Van  Diemen*s  Land  and  a  considerable  stretch  of 
the  southern  coast  to  the  eastward.  It  remains  yet  to  be  observed  whether 
even  the  small  surface  explored  of  the  east  side  of  the  Great  Island  is  sub- 
ject to  earthquakes  or  not.  Abyssinia  too,  though  not  affording  the  record 
of  a  single  earthquake,  is  too  closely  united  with  the  seismic  region  of  Arabia 
end  the  mouth  of  the  Red  Sea,  to  be  probably  perpetually  in  repose. 

There  are  great  urUinted  spaces  upon  our  map.  The  northern  and  south- 
ern polar  regions,  immense  tracts  in  North  America  and  in  Northern  and 
East  Central  Asia ;  surfaces  in  South  America  nearly  as  large  as  all  Central 
Europe ;  the  whole  African  continent  except  the  northern  edge  and  southern 
point;  nearly  the  whole  of  Aui^tralia,  and  almost  the  whole  of  the  bed  of  the 
great  ocean,  are  perfectly  unstudied  and  unknown  to  us,  as  respects  their 
seismic  condition.  They  appear  white,  and  hence  free  from  earthquake,  upon 
the  map,  but  only  because  there  are  no  observations. 

Future  researches  will  probably,  however,  show  that  all  these  vast  tracts  of 
land  are  traversed  by  earthquake-bands  presenting  generally  the  features 
that  we  recognize  elsewhere,  and  that  the  Dcean-bed,  far  from  the  continent8» 
although  always  much  less  disturbed,  for  equal  extent  of  surface,  than  the 
land,  and  especially  than  the  coast,  of  the  great  oceans,  is  also  traversed  by 
earthquake-bands  continuous  with  and  tracing  out  their  shallowest  contours. 

Had  navigation  been,  in  times  past,  as  frequent  and  constant  in  the  Pacific 
and  Southern  Indian  oceans  as  it  has  been  in  the  narrower  Atlantic,  especially 
north  of  the  equator,  the  former  would  most  probably  present,  over  very  much 
of  their  vast  surfaces,  light  seismic  tints  such  as  almost  the  whole  Atlantic 
presents,  included  aa  it  is  within  the  range  of  movements  transmitted  from 
both  its  western  and  eastern  borders,  and  also  from  the  foci  within  its  bosom, 
connected  by  seismic  lines  so  closely  adjacent,  t.  e.  with  sub-basins  so  com- 
paratively small  in  area. 

Imperfect  as  are  our  observations  on  land,  they  are  much  more  so  upon 
the  surface  of  the  great  ocean  that  covers  three-fourths  of  our  globe ;  so 
that  only  a  very  rude  approximation,  and  from  very  partial  data,  can  be 
made  towards  the  solution  of  the  question.  What  is  the  relation  of  seismical 
energy  beneath  the  land  and  the  ocean  ? 

The  result  of  Perrey's,  memoir  *  On  the  Basin  of  the  Atlantic,'  (Dijon 
M^m.)  assigns,  for  a  period  from  1430  to  1847,  or  417  years,  a  total  of  only 
about  140  shocks  ^or  three  shocks  per  annum)  observed  over  an  area  of 
about  24  millions  or  square  miles.  If  we  contrast  this  with  the  only  tolerably 
well-observed  portion  of  the  dry  land,  the  great  European  area,  we  find 
thereon  at  the  least  40  shockn  per  annum  observed  upon  an  area  of  1,720,000 
square  miles,  or  (allowing  for  regions  included,  but  never  observed),  say, 
1,500,000  square  miles.     There  occurs  therefore  annually  in  the  Atlantic 
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buin  r>ne  sliack  Tor  every  8,000,000  square  milei  of  aurface,  and,  iu  the  Eurn- 
pesn  area,  one  shock  fur  every  37<500  Hquare  nii1ei>  of  surface ;  so  thai  within 
these  large  areaa  the  seismic  energy  beneath  the  land  is  to  that  beneath  the 
ocean-flour  as  'JI3  :  1  nearly.  The  annual  number  of  observed  European 
earthquakes  is  certBiiily  below  the  actual  number  that  occur;  and  although 
the  Atlantic  U  the  only  oceanic  surface  of  our  globe  over  which  there  can 
be  a  pretenc  even  to  correet  observation,  yet  its  vecnrded  numben  must 
be  very  far  indeed  below  the  truth,  and  immeasurably  lower  in  proportion 
than  for  Europe.  Making,  however,  every  allowance  for  imperfect  infomi- 
atinn  in  the  pplaglc  area,  the  disparity  of  relative  numbers  U  such,  a.'  lo 
warrant  our  extiniating,  with  some  couSdenee,  that  the  ecismical  energy  ia 
manifpited  with  much  greater  power  for  equal  areas  upon  the  dry  land  than 
upon  the  oceau-bed. 

Should  it  ultiniaiely  prove  a  fact,  as  rendered  probable  from  the  beautiful 
JnvesligatioDS  af  Darwin,  that  there  are  great  arena  of  gradual  subsidence  now 
in  motion  beneath  the  Pacilic,  it  may  Mill  happen  (though  il  in  not  probable) 
that  seismic  or  even  volcanic  bamb  may  traverse  such  areas  of  sutisidenct^, 
vrithout  materially  affecting  their  general  downward  movement.  Although 
many  portions  of  the  earth's  surface  now  show  evidences  of  vertical  inaia- 
biltty,  either  slowly,  nr per gallum  occasionally,  rising  or  sinking,  these  effects 
are  all  comparatively  insigniRcant  in  extent.  The  great  formative  forces 
whatever  they  were,  upon  which  the  elevated  land  of  toe  great  cuiitinentfi  and 
the  depression  of  the  ocean-beds  depended,  have  ceased  sensibly  to  act.  The 
function  of  the  volcano  and  the  earthquake  in  the  existing  cosmos  Is  not  crea- 
tive, but  simply  preservative  ;  and  vast  as  they  appear  to  eye  and  sense,  their 
cffectaare  very  small  iu  relation  to  the  totality  of  tlie  great  terrestrial  machine. 

If,  however,  such  large  areas  of  oceanic  subsidence  a*  have  beeu  suppoeed 
really  exist,  they  will  most  probably  be  found  situated  alnioKt  centrally  within 
the  oceanic  «ub-basins,  and  hence  surrounded  but  not  traversed  by  seismic 

There  is  one  fact,which  is  shown  by  the  relative  positions,  upon  this  map, 
of  the  greatest  vulcanic  areas  upon  our  globe  (and  these  the  must  active)  and 
oC  the  blue-tinted  ari-a-  of  probable  snbsicleni-e,  that  is  worthy  of  iixing  our 
attention. 

It  will  be  observed  that  the  blue  bands  of  probable  subsidence  are  tole- 
rably adjacent  to  the  greatest  seats  of  volcanic  activity,  and  that  the  latter 
generally  have  subsiding  ureas  at  moie  than  one  side.  Thus,  in  the  Pacific, 
the  blue  band  is  along  the  great  volcanic  girdle  from  C'  lebes  to  NewZealaDd, 
and  thence  stretches  between  (and  at  one  point  may  cut  through)  ihe  line 
of  suboceanic  volcanic  girdles,  from  the  New  Hebrides  to  the  Marquesas. 

Again,  the  great  volcanic  hurse  shoe  girdle  of  Sumbava  is  between  the 
blue  (subsiding)  area  in  the  China  Sea  north  of  Borneo,  and  the  blue  coral 
bands  north  of  Australia,  which  whole  continent,  or  at  lea-^t  its  western  and 
northern  parts,  may  probably  be  subsiding  also.  Lastly,  in  the  north  we  have 
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DothiDg  like  one  or  more  great  general  horizontal  directions  of  seismic  move- 
ment can  exist  upon  any  very  large  tracts  of  the  earth's  surface ;  and  that  if 
it  be  even  possible  to  assign,  as  proposed  by  M.  Perrey,  a  general  horizontal 
component  for  limited  areas,  the  method  does  not  admit  of  extension.  The 
normal  type  of  an  elastic  wave  in  a  homogeneous  solid,  is  only  varied,  so  far 
as  observation  yet  goes,  by  the  accidents  principally  of  material  and  surface, 
whether  the  area  of  disturbance  be  great  or  small. 

Nor  does  the  seismic  intensity  in  any  part  of  the  world,  so  far  as  originating 
impulse  is  concerned,  seem  connected  with  the  superficial  character,  to  the 
greatest  known  depth,  of  the  geologic  formations,  beyond  what  connexion 
is  necessarily  inferential  from  the  seismic  bands  (where  they  exist)  following, 
on  the  whole,  the  lines  of  mountains  and  ridges  that  separate  the  surface- 
basins  of  the  earth,  whether  volcanic  or  not.  While,  therefore,  the  seismic 
waves  diverge,  from  axial  lines  that  are  generally  of  the  older  rock  forma- 
tions, and  often  of  crystalline  igneous  rocks  or  actively  volcanic,  they  pene- 
trate thence  formations  of  every  age  and  sort,  even  to  plains  of  the  most 
recent  post-pleistocene  clays,  sands,  and  gravels ;  and  occasionally,  by  the 
secondary  efforts  of  great  shocks,  these  loose  materials  are  shaken  or  caused 
to  slip  and  gather  up  into  new  forms  (as  in  the  Ullah  Bund  at  the  mouths 
of  the  Indus,  &c.),  and  so  the  earthquake  has  come  to  be  mistakenly  viewed 
as  a  direct  agent  of  elevation.  Its  true  cosmical  function  is  the  very  opposite : 
it  is  part  of  the  dislocating,  degrading,  and  levelling  machinery  of  the  sur- 
Jace  of  our  globe,  while  the  part  of  the  volcano  is  restoration  and  renewal. 
Both  are,  however,  not  creative  but  conservative  (strange  as  it  may  sound), 
and  suited  to  the  period  of  man's  appearance  and  possession  of  the  earth. 

Viewing  as  a  whole,  and  in  a  single  glance,  the  distribution  of  seismic 
energy  over  the  whole  globe,  it  presents  (so  far  as  we  yet  know)  a  vast  loop 
or  band  round  the  P^ific,  a  more  broken  and  irregular  one  around  the 
Atlantic,  with  subdividing  bands  and  a  vast  broad  band  stretching  across 
Europe  and  Asia,  and  uniting  them. 

Thus  an  apparent  preponderance  of  seismic  surface  seems  to  lie  about  the 
temperate  and  torrid  zones,  both  northern  and  southern ;  but  extended 
observation  is  yet  required  in  high  latitudes,  and  particularly  in  the  Antarctic 
ones,  before  we  dare  venture  to  affirm  that  there  is  a  real  preponderance 
extending  over  any  one  or  more  great  climatic  bands  or  zones  of  the  earth's 
surface. 

The  following  are  perhaps  the  most  general  conclusions  that  are  at  pre- 
sent justifiable  : — 

1st  The  superficial  distribution  of  seismic  influence  over  existing  terrestrial 

space  does  not  follow  the  law  of  distribution  in  historic  time ;  it  is  not 

one  of  uniformity.    There  is  this  resemblance,  which,  however,  is 

not  a  true  analogy, — that  as  the  distribution  is  paroxysmal  in  time, 

so  it  is  local  in  space. 
2nd.  The  normal  type  of  superficial  distribution  is  that  of  bands  of  variable 

and  of  great  breadth,  with  sensible  seismic  influence  extending  from 

5°  to  15°  in  width  transversely. 
Srd.  These  bands  very  generally  follow  the  lines  of  elevation  which  mark 

and  divide  the  great  oceanic  or  terr-oceanic  basins  (saucers)  of  the 

earth's  surface. 
4th.  And  in  so  far  as  these  are  frequently  the  lines  of  mountain-chains, 

and  these  latter  those  of  volcanic  vents,  so  the  seismic  bands  are 

found  to  follow  them  likewise. 
5th.  Althoogh  the  sensible  influence  is  generally  limited  to  the  average 
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width  or  tlie  vEi&mic  band,  paroxvstiial  effurts  are  nccasiniiatlj  pm- 
pngated  to  great  superficial  distances  bf-yond  it. 
6lh.  The  eenaiblc  width  of  Ihe  seismic  band  depends  ui«)rt  the  enerpy  de- 
veloped, and  upon  the  Hcridenlal  gralogic  and  topographic  coodilions 
at  each  point  along  Its  enlirf  length. 
■    7<h.  Seigmic  energy  may  b'Come  sensible  at  any  point  of  the  i-arth's  sur- 
face, itn  efforts  being,  however,  greater  aod  mute  fn-qiirnt  as  the 
great  volcanic  lines  ot  activity  are  approached. 
Bih.  The  aurfiices  of  minimum  or  of  no  known  disturbance,  are  the  central 
areas  of  great  ocennic  or  terr-ocranic   Imains  or  saucera,  and  the 
greater  islands  existing  in  shallow  rras. 
The  fact  that  certain  low-lying  river-baMns.  such  aj  the  MiasisBippi  and 
the  Ganges,  are  the  seats  of  eartlhjuake  disturbance,  does  nnt  conflict  villi 
the  last  proposition.     In  these  cases,  the  impulse  \»  propagated  into  the  plain 
from  the  band  of  the  bounding  hd)ies:   mid  when  these  are  very  lai^e 
in  relation   to  the  basin,  tjie  breadth  of  the  seismic  hand  may  overbp  its 
whole  surface, — as  for  example  in  the  basin  of  the  Ganges,  wheri^  the  seismic 
banks  ijf  the   Himalaya  and  Viiidh\a   mountains  cover  Uic  uhoie  plain   of 
Northern  India. 


We  have  thus  extracted  all  the  inforruation  that  our  Catalogue,  or  indied 
any  further  cataloguing  of  earthquakes,  seems  capable  of  giving  us ;  fnlure 
research  must  take  a  morn  di«lit'cily  physical  character.  1  th«r«for«  proceed 
to  some  observations  upon  instrumental  ^eiamomeiry  and  ti>«  conftruction 
of  seismometers,  upon  which  our  future  prugre.-^s  must  mitch  drpend. 

Twelve  year«  ago,  at  the  period  of  tlie  authui's  pappr  (Tntns,  R.  L  Aod. 
vol.  xxi.  1846)  "  On  the  Dynaiuics  of  Earthquakes,"  the  oouslruelioa  of  eeis. 
mometric  instrunirnts  appeared  n  eomparativelv  easy  matter  ;  [here  did  not 
eeem  to  be  much  diHicuhy  in  producing  even  a  self-registering  instrument 
that  should  give  every  element  of  the  earth-wave  at  the  surface,  whose  nor- 
mal velocity  of  propagation  was  tlien  a~Minicd  to  be  extremely  great,  to 
approximate  to  that  theoretically  due  to  the  elasticity  of  solid  rocky  media, 
and  nnt  to  vary  very  materially  in  direction  ol  propagation  doling  its  transit 
from  the  origin,  to  any  distant  point  of  the  earth's  surface. 

It  is  only  at  a  very  recent  period  that  experiments  and  observations  as  t» 
the  actual  phsenoniena,  the  velocity  and  direction  of  jihock,  &c.  have  begun  to 
show  Ihe  real  diHicidties  of  the  subject ;  and  as  theiie  are  apparently  not  very 
generally  recognized,  I  propose  pointing  some  of  them  out  here,  prior  to 
indicating  the  limils  within  which  for  the  present,  it  appears  to  me,  we  miiat 
be  content  to  restrict  our  seismomelric  aims  and  instruments,  and  describing 
what  form  of  instrument,  and  in  ivhat  localities  placed,  would  appear,  with 
our  existing  knowledge,  the  best  to  give  us  some  information — approximate 
only,  and  incomplete  without  doubt,  but  yet  such  as  can  be  made  a  safe  basis 
for  a  future  higher  step  with  more  refined  and  comprehensive  instruments.  1 
shall  avoid  as  much  as  possible  (as  out  of  place  in  this  Report)  any  mathe- 
matical treatment  of'  the  subjeel.  The  antecedent  history  of  seismometers  is 
in  brief  as  follows:— 

All  the  instrumeiitit  hitherto  deviled  or  set  up  mav  be  divided  into  two 
great  classes:  —  ],  obscrviitioiiol,  those  wlmse  uiotioiis  must  be  oliserved  and 
recorded  afti'v  each  jhurk  ;  'I,  srlf'-reffisirrinff,  which  record  their  own  past 
movements  however  repeated,  and  admit  of  thiir  observation  at  any  subse- 
f|ni-nt  period  uiihin  certain  limits.  V.mIi  of  these  dosses  is  again  divided 
into  two  ,'iirl^:— 'f,  in-ilruinrnts  deprriiieril  u|nin  the  niovemnits  by  dis))lac«- 
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meot  of  liquids;  b*  those  dependent  upon   die   partial  displacements   of 
solids.     Of  the  first  class^  there  have  been — 

1  (a).  That  of  Cacciatore  of  Palermo,  long  in  use  in  Sicily.     It  consists  of  a 

wooden  circular  dish  about  10  in.  diameter,  placed  horizontally  and 
filled  with  mercury  to  the  brim-level  of  eight  notches  that  face  the 
cardinal  points  and  the  bisecting  rhumbs  between,  and  are  cut  down 
through  the  lip  of  the  dish,  equally  in  width  and  depth  all  round. 
Beneath  each  such  notch  a  small  cup  is  placed,  to  receive  such  mer- 
cury as  may  be  thrown  out  of  each  notch  by  an  oscillatory  displace- 
ment of  the  main  mass  of  mercury,  due  to  a  general  oscillation  of  the 
whole  system.  Either  the  volume  or  the  weight  of  mercury  found  in 
each  cup  is  supposed  to  measure  the  value  of  the  displacement,  and 
hence  of  the  shock  in  its  direction  in  azimuth. 

2  (a).  The  wooden  or  other  bowl  of  mola^es,  or  other  such  viscid  liquid, 

suggested  for  use  by  Mr.  Babbage. 

3  (a).  A  cylindric  tub  with  chalked  or  whitewa:*hed  sides,  and  partially 

filled  with  some  heavy  and  permanently  coloured  liquid  of  deep  tint. 
(Mallet,  Admiralty  Manual,  sect.  vii.  p.  218.) 

4  (a).  Tubes  partially  filled  with  mercury,  I     -shaped,  with  the  horizontal 

and  open  limbs  directed  to  the  cardinal  points,  for  the  horizontal  com- 
ponent of  shock;  and  (J -shaped  for  the  vertical  component, — both 
sets  being  provided  with  marking  indices,  to  show  previous  displace- 
ment of  the  mercury.     (Mallet,  Admiralty  Manual,  sect.  vii.  p.  214.) 

5  (6).  The  oldest,  probably,  of  seismometers,  long  set  up  in  Italy  and  southern 

Europe.  A  pendulum,  free  to  move  in  any  direction,  carries  below 
the  bob  a  stile  partly  immersed  in  a  stratum  of  dry  fine  sand  spread 
to  uniform  thickness  over  the  concave  surface  of  a  circular  dish 
placed  beneath,  marked  to  the  cardinal  points,  whose  centre  is 
beneath  the  point  of  suspension  of  the  pendulum  when  at  rest,  and 
whose  concavity  is  that  of  a  spherical  segment  of  a  radius  equal  to 
the  length  of  the  pendulum  and  stile,  plus  rather  more  than  the 
depth  of  the  stratum  of  sand.  It  was  supposed  that  the  stile  would 
mark  a  right  line  when  seen  in  a  plane  vertical  to  the  sand-bed,  and 
in  the  direction  of  the  shock. 

6  (6).  The  inverted  pendulum,  held  vertical  when  at  rest  by  its  forming 

part  of  a  spring  at  the  base  (like  the  watchmakers'  noddy),  armed 
with  a  chalk  tracer  or  pencil  above  the  bob,  marking  a  line  or  lines 
upon  the  concave  lower  surface  of  a  dish  in  form  like  that  of  the 
preceding.  This  was  understood  to  be  one  of  the  instruments  adopted 
by  the  observers  of  the  repeated  shocks  of  Comrie,  &c.,  and  the  in- 
vention, in  its  improved  form,  of  Prof.  J.  Forbes.  (Phil.  Trans.  Edin. 
vol.  XV.  part  1  ;  Trans.  Brit.  Ass.  1841-42.) 

7  (b).  The  inverted  spring  and  ratchet  pendulum  seismometer,  proposed  in 

1 854  by  Robert  F.  Budge,  Esq.  of  Valparaiso,  in  a  letter  (12th  March 
1854)  to  Mr.  Patterson  of  Belfast,  and  obligingly  forwarded  by  him  to 
the  author.  Four  cylindrical  or  square  rods  of  spring  steel,  each  carry- 
ing a  splierical  bob  (an  iron  shot)  at  top,  are  fixed  vertically.  Each  is 
provided  with  a  ratchet,  finely  cut  upon  the  rod,  and  a  pall,  the  planes 
of  motion  of  the  four  palls  passing  through  the  cardinal  points,  so  that 
each  spring  pendulum  is  free  to  make  one  semioscillation  only  in  its 
own  direction,  or  that  of  its  ratchet  and  pall,  and  he  arrested  there 
by  the  latter  until  its  position  of  displacement  be  observed  and  it  be 
released.  Thus,  in  the  figure  (2)>  p  VV  is  the  spring  pendulum  (which, 
it  may  be  remarked,  would  be  better  a  flat  ribbon  of  spring  steel. 
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to  llie  arc  wf  vibration,  thai 
Fig.  a. 


7* 

tbe  broad  ilia 

eitherroundor  square  as  proposed),  W  the 
bob,  rtlierati^het  and  pall.  If  we  suppose 
thia  tu  be  id  the  N.  and  S.  vertical  plane, 
a  shock  from  the  S.  may  bring  the  pen- 
dulum into  the  position  p  m,  when  the 
pall  will  fall  into  that  r  n,  and  detain  the 
inalniment  in  its  new  position  until  the 
angle  np  W  can  be  observed. 

The  main  object  piopoaed  by  the  author 
of  this  modificatioD  of  the  inverted  pen- 
dulum was,  that  tbe  observable  movement 
of  the  instrument  should  be  as  nearly  as 
possible  that  of  the  horizontal  component 
of  shock,  without  being  perplexed  with 
indications  due  to  eubeequent  abnormal 
niotioDS  of  the  instrument. 
The  pendulum  seiamnmeter  of  Santi. 
Two  peodula  suspended  close  to  the  faces 
of  two  walls,  ranging  in  vertical  planes 
traversing  through  the  cardinal  points, 
are  free  to  oscillate  in  those  planes  only. 
Each  is  provided  with  a  chalk  tracer,  which  marks  the  aro  of  oscil- 
lation N.  and  S.  or  E.  and  W.,  or  nice  versd  as  to  either,  upon  the  pre- 
pared face  of  the  wall.  This  has  been  long  in  use  in  Italy.  The  length 
of  tbe  horizontal  chord  of  the  arc  traced  is  assumed  to  be  equal  to 
the  horizontal  component  of  shock  in  tbe  direction  marked,  and  inter- 
mediate movements  are  to  be  nbtaincd  from  enmparison  of  the  lengths 
of  both  cardinal  chords  by  the  known  laws  of  compounded  motions. 
9  (f>).  A  vertical  inverted  spring  pendulum,  formed  of  an  elastic  rod  (wood 
or  cane),  with  bobs  of  iron  shot,  is  fi\erl  within  a  hoop,  with  certain 
extemporaneous  means  of  marking  its  oscillations  in  any  plane,  or 
more  than  one,  fur  horizontal  component.  Such  pendula,  fixed  hori. 
zontally  in  a  wall,  or  in  two  N.  and  S.  and  E.  and  W.  walls,  may  be 
used  for  vertical  element,  or  a  shot  hong  from  a  spiral  spring  of  wire 
(Mallet,  Admiralty  Manual,  sect.  vii.  p.  217,  218.);  these  were  in- 
tended for  extemporaneous  use.  The  spiral  spring  arrangement  haa 
had  several  dJiferent  proposers,  some  anterior  to  the  above. 


!(»). 


Such  are  the  principal  instruments  of  the  first  class,  used  or  proposed, 
in  addition  to  which  may  be  noticed  the  balanced  circular  dish,  or  wheel- 
formed  seismometer,  suggested,  1  believe,  by  Professor  J.  Forbes  and  Col. 
James,  R.E., — a  disk  of  cast-iron  or  other  metal  with  a  heavy  rim,  upon  a 
central  point  of  suspension  slightly  above  the  centre  of  gravity,  and  provided 
with  a  central  tracing -stile,  either  above  or  below.  The  sensibility  and  power 
of  horizontal  recovery  or  stability  of  this  instrument  are  nearly  identical 
with  those  of  the  common  balance.  It  is  liable  to  all  the  objections  that 
apply  to  pendula,  whose  properties  in  oscillation  It  f-tiU  partakes  of;  and  it 
is  difficult  to  see  any  one  special  advantage  offered  by  it. 

Of  the  second  cliifs,  or  sell-registering  seismometers,  tbe  number  is  much 
more  limited. 

1  (a).  The  first  completely  self-registering  feismometer  proposed,  the  author 
believes  to  have  been  that  invented  by  himself,  an  account  cf  which 
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was  read  to  the  Royal  Irish  Academy  in  June  1846  (Trans.  R.  L  A., 
xxi.  p.  107).  It  consists  essentially  of  five  fluid  pendula, — glass  tubes, 
partially  filled  with  mercury,  four  for  horizontal,  and  one  for  vertical 
elements  of  the  shock.  The  displacement  of  the  mercurial  columns 
breaks  contact,  in  an  otherwise  closed  galvanic  circuit,  which,  acting 
upon  some  simple  contrivances,  cau.«e  a  pencil  to  trace  a  line  upon 
ruled  paper,  whose  length  is  proportionate  to  the  time  that  contact 
remains  broken,  or  to  the  amplitude  and  altitude  of  the  eai'th-wave. 
The  ruled  paper,  placed  upon  a  cylinder,  is  maintained  in  motion 
by  a  clock ;  the  position  of  the  commencement  of  the  pencil  line 
traced  on  the  moving  paper,  therefore,  gives  the  moment  in  time,  of 
the  arrival  of  the  wave,  or  initial  instant  of  shock.  The  displace- 
ment of  the  mercurial  columns  is  dependent  upon  inertia,  and  on 
the  relative  mass  of  mercury  in  the  adjacent  limbs  of  each  bent 
tube. 
2  (a).  Professor  Palmieri,  of  Naples,  has,  some  time  since,  constructed  an 
instrument,  in  point  of  general  principle,  very  similar  to  the  pre- 
ceding, and  which  has  been  at  work,  as  he  informs  me,  with  satis- 
factory results,  at  the  Royal  Meteorological  Observatory  upon  Vesu- 
vius, and  for  a  considerable  period.  His  instrument  consists  of  two 
distinct  systems,  one  for  vertical,  the  other  for  horizontal,  or  rather 
undulatory  movements.  The  former  consists  of  a  clock,  constantly 
going,  and  registering  date  and  time,  A  galvanic  circuit,  which 
includes  an  electro-magnet,  remains  always  unclosed^  except  at  the 
instant  of  the  arrival  of  a  vertical  movement  of  the  whole  instrument, 
when  one  pole  of  copper  or  platinum  wire,  held  suspended  from  a  heavy 
bob  at  the  lower  end  of  a  spiral  spring — as  in  9  (6),  last  sentence — 
close  over  the  surface  of  a  mercurial  cup  (the  other  pole),  drops  by 
inertia,  and  making  good  the  contact,  establishes  the  electro-magnet  s 
action,  and  by  it  stops  the  clock  and  rings  a  bell.  The  range  of  ver- 
tical movement  is,  I  believe,  deduced  from  the  direct  motion  of  this 
contact-maker. 

The  system  for  horizontal  (?)  or  undulatory  movements  consists  of 
a  similar  clock  and  galvanic  arrangement,  and  of  four  U-^haped 
glass  tubes,  open  at  both  ends,  and  containing  equal  vertical  columns 
of  mercury.  The  vertical  planes  of  two  of  these  (J -tubes  are  N.  and 
S.  and  £.  and  W. ;  those  of  the  other  two  in  intermediate  rhumbs. 
Close  ahove,  but  not  in  contact  with,  the  mercurial  surface  in  one 
limb  of  rach  tube,  is  held  suspended  a  platinum  pole,  the  mercury 
itself  being  the  other  pole  of  the  open  circuit  Upon  the  surface  of 
the  mercury  in  the  opposite  limb  a  small  float  rests,  connected  by  a 
silk  cord  over  a  pulley  in  a  vertical  plane,  with  a  little  counterpoise, 
slightly  heavier  than  the  float.  If,  now,  such  a  movement  be  given 
to  any  one  or  more  of  these  U -tubes  as  shall  kant  it  over  or  throw  it 
out  of  plumb,  and  so  alter  the  relative  levels  of  the  opposite  surfaces 
of  mercury  in  the  two  limbs  of  the  tube,  the  U-tube  that  shall  in- 
cline towards  the  limb  that  contains  the  platinum  galvanic  pole  will 
then  make  contact,  and  at  the  moment  of  doing  so  will  stop  the  clock 
and  ring  a  bell  as  before. 

The  amount  of  displacement  as  to  level  of  the  two  surfaces  of 
mercury  in  the  oppof^ite  limbs  will  be  made  observable  by  the 
distance  to  which  the  small  float  shall  be  found  elevated  above  the 
surface  of  the  mercury  in  the  opposite  limb.  A  description  of  this 
instrument  has  been  given,  but  without  a  figure,  in  De  la  Hive's 


?6 


HEPOET — 1858. 


'  Treatise  on  Electricity  and  iu  Applications,'  Eogtieb  edition,  »oI. 
Hi.  p.  508  •. 
3  (A).  The  last  selfregisieriiig  instrument  to  be  noliceil  is  that  of  Herr 
Kreil  of  Vienna,  of  which  tin  account  appEared  in  1853-  This  in- 
Ki^nious  and  t<iinple  insirumenl  can  iiardly  be  made  intelligible  more 
brietly  than  in  the  author's  own  words,  which  1  translate  (with  the 
Hddition  of  a  word  or  two)  froni  the  '  Siliung»berichl£  der  Kaia.  Altad. 
d.  WiMcnBch."  Band.  xv.  p.  1 1 1,  Heft  for  March  1855  :— 

"  A  good  eeisniomeler  is  a  desideratum  alill  lo  be  devoutly  wished  for.  It 
should  not  only  show  the  commencemeut  ~    ^ 

of  the  stronger,  but  al^i)  of  the  weaker  °' 

shocks,  as  well  as  their  duration,  direction,  « 

and  atreogth, — a  task  wJiich  it  to<»  great  for 
a  self-registering  apparatus.  Therefore 
every  idea  towards  the  improvement  of 
such  instrument*  must  be  welcome;  and 
on  this  account  I  venture  to  bring  forward 
the  following  design  (%  3).  Let  de  be 
a  rod  of  wood  or  metal  suspended  at  o, 
which  at  d  is  fastened  to  the  elastic 
fpringr,  like  the  pendulum  of  a  clock,  and 
therefore  can  swing  In  the  plane  of  this 
spring  in  a  vertical  direction.  L(t  a  A  be 
a  second  spring  upon  the  firdt  vertical 
one,  which  permits  the  bar  of  the  pen- 
dulum, de,  to  swing  in  the  plane  of  the 
spring  c,  i.e.  ut  right  angles  to  the  former 
vertical  plane.  The  bar  d  e  and  ihe 
weight  fastened  to  it  can  therefore  swing 
in  every  direction,  without  its  being  per 
mitted  to  turn  on  its  own  axis  of  vertical 
IfUgth,  and  a^  if  tliere  were  but  a  ll  read 
or  thin  wire  at  ti.  The  cylinder  f  g  h  i 
contains  clockwork,  which  obi  gcs  t  to 
turn  round  upon  Ihe  bar  of  the  pendulum 

(as  its  perpendicular  axis  fixed  with  reference  to  rotation)  once  m  2*  houn. 
It  is  covered  with  paper  or  other  material,  which  can  be  marked  on  without 
great  pressure.  It  contains  on  the  lower  edge  the  numbers  of  the  hours, 
e  behind  an  index  m,  fastened  to  the  plate  kl,  which  is 
9  of  the  pendulum.  Upon  a  neighbouring  pin,  op,  is  an 
arm  of  brass,  o  n,  which  carries  a  pencil  at  n,  which,  by 
w  (spring  7),  can  be  pressed  against  the  cylinder  and  removed 
in  ftrm  contact  with  this,  and  marks  upon  it  an  uninterrupted 
line  so  long  as  the  ptmdulum  remains  at  rest;  if,  however,  this  begins  to 
swing,  in  consequence  of  the  whole  system  Ijcing  shaken,  this  line  will  be 
broken,  and  strokes  produced  whieli  uill  have  a  horizontal  direction  if  the 
pindiiluin  suings  in  tin'  plane  of  no,  Imt  will  be  perpendicular  and  cross- 
ways  if  swinging  in  the  plane  |)cr]ienditular  to  «  o.     The  force  and  length  of 

■  Since  this  TK\uin  was  cnmnicnecrl,  I  liave  niysL-lf  liail  ilie  advantage  of  seeing  thU 


which  ( 
fixed  to  the 
elastic  and  thin 
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this  stroke  will  give  an  approximation  to  the  strength  of  the  shocks.  The 
middle  of  the  stroke,  or,  if  they  are  vertical,  the  end  of  the  uninterrupted 
line,  gives  the  time  of  the  commencement  of  the  shock.  The  strength  and 
direction  of  the  shocks  may  also  be  approximated  if  the  (as  respects  rota- 
tion) fixed  plate  hikl  have  an  annular  recess,  filled  with  quicksilver  until 
its  surface  reaches  the  holes  f«f,  made  in  the  cylindrical  sides.  At  the 
first  motion  of  the  pendulum,  the  quicksilver  will  be  shed  out  through  these 
holes  into  a  dish  divided  into  the  same  number  of  compartments  as  there  are 
holes,  like  those  already  in  use  in  many  existing  instruments  of  this  kind 
(Cacciatores)**. 

Such  are  the  chief  seismometers  hitherto  proposed.  They  all  involve  in 
some  form  the  principle  either  of  the  solid  or  of  the  fluid  pendulum,  the 
latter  term  being  applied  to  the  oscillations  of  liquids  in  tubes  or  other  such 
vessels ;  and  have  disadvantages,  both  theoretic  and  practical  or  constructive, 
which  render  their  indications  inaccurate. 

£very  pendulum  seismometer  has  a  time  of  oscillation  due  to  its  length, 
which  in  the  case  of  the  solid  pendulum  is 

and  in  the  case  of  the  oscillating  liquid 

I  being  the  length  of  the  pendulum  and  of  the  oscillating  column  of  liquid 

respectively  ;  but  if  P  =  the  period  of  the  earth-wave  or  shock,  then  when- 

p 
ever  T=P,  orn  x  P,  or  — ,  the  indication  of  the  instrument  will  be  in  excess 

n 

of  the  horizontal  component  of  the  wave's  motion  ;  when,  on  the  contrary,  T 
represents  no  function  of  P,  it  may  be  much  less  than  it 

The  amount  of  error  depends  also  upon  the  velocity  of  movement  of  the 
horizontal  component  of  the  wave.  If  this  be  considerable,  the  solid  pen- 
dulum, whether  hanging  or  inverted,  acted  on  by  gravity  or  elasticity,  is  at 
the  first  moment  left  behind ;  as  the  rod  becomes  more  oblique,  the  pen- 
dulum is  dragged  along,  and  acquires  a  velocity  (in  a  direction  which  ap- 
proaches to  horizontal)  greater  than  that  due  to  the  arc  through  which  the 
pendulum  has  fallen  in  the  time.  At  the  end  of  the  wave's  forward  move- 
ment, then,  the  pendulum  is  thrown  forward  too  far ;  and  at  the  end  of  the 
return  movement  of  the  wave,  it  moves  beyond  the  range  of  the  latter,  by  a 
small  arc  due  to  its  proper  motion.  This  objection  applies,  though  with  less 
cogency,  to  the  fluid  pendula,  and  in  their  case  to  both  the  vertical  and  hori- 
zcmtal  components  of  the  wave. 

These  discrepancies  of  indication  will  vary  whenever  the  velocity  and  di- 
mensions of  the  earth-wave  become  altered ;  and  as  for  the  same  instrument, 
T  varies  with  sin'  \  (\  being  the  latitude),  it  is  obvious  that  even  two  per- 
fectly similar  instruments  at  stations  north  and  south  of  each  other,  will  not 
give  strictly  comparable  results  for  the  same  earth-wave. 

These  are  but  examples  of  one  or  two  points  of  theoretic  difliculty,  to 
which  others  might  be  added,  and  which  aflect  these  instruments  prin- 
cipally as  indicators  of  the  dimensions  of  the  earth-wave.  Some  of  these 
theoretic  disturbances  may  be  eliminated  by  calculation  from  the  results ; 
but  there  are  also  some  apparently  insuperable  difiiculties,  of  a  practical  or 
constructive  nature,  which  affect  all  solid  pendula  as  reliable  indicators  even 
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of  Ihe  direction  of  aurrace-tranait  (liorJzoottil  coniponeDtJ  of  the  earth -wav*. 
However  finely  Buspeiided  the  pendulum — if  acted  on  by  gravity  only,  or, 
however  conetructed  if  by  elasticity  or  by  elasticity  and  gravity,  it  is  found 
impracticable  to  produte  uu  instrument  that  shall  make  Kveii  the  !>econd  half 
of  its  very  lirat  complete  vibration  atriclly  in  ihe  plane  of  the  original  dis- 
turbance, i.  e.  iu  that  of  the  wave's  transit.  If,  for  example,  any  one  of  ih# 
Fig.  4.  I 


instrumetilB  5  (b),  6  (6),  or  7  (6).  be  cauatd  to  make  a  seinivikiiition  by  a 
movemenl  of  the  nature  of  one  horizontal  jerk,  and  strictly  in  one  vertical 
plane  <■&  (fig.  4),  the  trace  made  will  in  most  insUnces  be  found  thug;  cd,  ilje 
first  semi  vibration,  is  made  sensibly  in  the  plane  of  movement,  but  the  re- 
turning complete  vibration  de,  ie  found  diverging  from  it  through  a  sensible 
angle  refe.  If  the  vibration  of  the  instrument  he  auStred  to  coutinup,  its  trace 
rapidly  becomes  an  extremely  elongated  ellipse,  whose  excentricity  constantly 
diminishes,  as  well  aa  the  actual  dimenaioris  of  both  its  axes,  until  the  in- 
strument cumes  to  rest,  al\er  tracing  thus  a  ma^s  of  elliptic  tipiraU,  from 
which  nothing  certain  can  he  gathered  as  to  direction  in  some  instances — 
in  which,  at  best,  it  is  only  possible  to  arrive  at  a  probable  direction  of 
originating  impulse,  by  drawing  a  mean  major  axis  through  all  these  closed 

Constructively,  thia  evil  arises  not  only  from  the  nature  of  the  suspension, 
if  a  pendulum  of  gravity,  or,  if  one  of  elasticity,  from  the  form,  inaterial, 
4c.  of  the  suspending  or  supporting  spring ;  but  also,  in  both  Borl^i,  from  Ilie 
fact  that  it  is  practically  impossible  that  the  point  of  suiipen^ian  (or,  in  the 
spring,  ila  centre  of  reaiatance),  the  centre  of  oscillation,  and  the  resultant 
of  the  varioua  opposing  forces  of  the  stile  or  tracing- point,  shall  lie  in  one 
vertical  plane,  and  that  that  plane  shall  always  coincide  with  that  of  the  wave's 
movement ;  and  hence  lateral  divci^i'nce  of  the  pendulum  and  elliptic  spiral 
oscillation.  But  it  is  also  partly  due  to  the  nature  of  (ho  earth-u'itve  motion 
itself,  which  is  never  a  purely  normal  one,  but  alwaj-s  more  or  less  disturbed 
by  smiill  transversals ;  so  that  the  initial  movement  iuiprcssed  upon  the  pen- 
dulum is  really  not  exactly  that  of  the  wave's  transit.  Before  entering  fur- 
ther, however,  upon  the  subject  of  the  actual  perturbations  of  the  superficial 
earth-wave,  as  now  known,  and  their  effects  in  relation  to  seismometers,  some 
remarks  may  be  adviriable  as  to  the  special  objections  which  I  have  either 
observed  or  experimentally  ascertained  in  respect  to  each  particular  arrange- 
ment of  the  seidmometers  already  described. 

1  (»).  The  Cacciatore  mercurial  dish. — If  the  earth-wave  emerge  with  K 

considerable  angle  Irom  the  horizon,  and  large  velocity,  (he  mercury 
first  surges  up  at  the  side  of  the  dish  towards  whicii  the  earth-wave 
is  in  transit,  and  in  the  direction  opposite  to  its  motion  ;  it  then, 
after  spilling  out  some  of  the  mercury,  commences  its  return  oscil- 
lation, moving  in  the  same  direction  as  the  earth-wave,  and  spills  out 
another  portion  at  the  opposite  »iile  of  the  dish.  The  sum  of  the  weights 
bO  spilled  out,  taken  at  either  sidR  of  a  diameter  t™nsverse  to  the 
earth-wavt's  vertical  plam-  of  transit,  will  vary  with  every  change 
ill  the  angle  of  emergence,  or  in   the  velocity  or  in   the  dimensions 
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of  the  earth-wave.     Small  transversal  vibrations,  arriving  almost 
along  with  the  earth-wave,  as  well  as  the  effects  of  the  form  of  the 
dish,  and  of  its  delivering-spouts  or  adjutages,  disturb  the  initial 
simple  surge  of  the  mercury  across  the  diameter  of  the  dish,  and  pro- 
duce reflected  and  other  secondary  surge  movements  of  the  mercury, 
which  traverse  round  the  circumference  of  the  dish,  and  spill  out 
more  mercury  in  irregular  gulps.     The  final  result  is,  that  no  reliance 
whatever  can  be  placed  upon  its  final  indication,  as  to  the  plane  of 
the  earth-wave  transit  having  passed  through  the  centre  of  gravity  of 
that  semicircle  of  cups  which  are  found  to  contain  the  most  mercury. 
The  result  is  not  materially  different  if  the  line  of  transit  of  the  earth- 
wave  be  perfectly  horizontal.    This  instrument  gives  no  information 
whatever  beyond  a  most  uncertain  approximation  to  the  direction 
of  the  horizontal  component  of  the  earth-wave  transit. 
2  (a).  The  same  objections  generally  apply  to  this  form  of  instrument,  and 
one  in  addition,  viz.  that  a  viscid  liquid  like  molasses  must  always 
give  indications  short  of  the  truth  as  to  excursion  in  the  dish  due 
to  any  given  shock,  and  the  more  1*0  as  it  is  more  tenacious  and 
approaches  nearer  to  a  solid ;  and  as  we  have  no  correct  means  of 
measuring  viscidity,  even  assuming  it  constant  for  the  same  liquid, 
nor  any  certainty  that  the  specific  gravity  of  such  liquids  remains 
constant  (it  is  certain  molciMes  will  not  remain  of  tlie  same  density 
in  any  climate  for  any  considerable  length  of  time),  so  observations 
made  through  their  means  at  different  times  and  places  can  never 
be  comparable. 
S  (a).  The  same  objections  that  apply  to  1  (a)  apply  to  the  tub  of  coloured 
water,  but  in  a  mitigated  degree,  the  diameter  being  large,  the 
volume  and  depth  of  the  liquid  great,  and  the  cylindrical  sides  of  the 
tub  free  from  any  apertures  or  inequalities.     The  initial  surge  gives 
a  much  more  distinct  indication  of  direction  than  in  either  of  the 
preceding  instruments ;  and  it  does  not  very  frequently  happen  that 
a  diameter  may  not  be  found  approximating,  with  tolerable  certainty, 
to  the  plane  of  earth- wave  transit     But  in  cases  where  the  normal 
wave  is  preceded  or  accompanied  by  very  appreciable  transversals, 
thoi»e  violent  tremors  that  are   now   known   as   the   frequent  ac- 
companiments of  the  actual  shock — the  water-tub  seismometer  will 
give  no  indication,  or  an  uncertain  one,  unless  watched  and  re- 
marked as  to  transit-direction  at  the  instant  of  the  occurrence  of  the 
shock. 
4(a).  Tubes  partially  filled   with   mercury  give  almost  unobjectionable 
indications  as  to  direction  of  transit.     Their  evils  are  too  great 
delicacy  or  sensitiveness,  for  the  observation  of  that  class  of  earth- 
quakes of  mean  power,  which  are  the  most  important  to  be  studied,  and 
by  which  they  are  completely  deranged  occasionally,  while  they  are 
continually  being  disturbed  in  such  a  seismic  region  by  small  tremulous 
movements  that  are  unimportant  to  notice.     As  respects  their  indi- 
cations of  velocity  and  dimensions  of  the  wave,  they  are  liable  to  the 
objections  already  noticed  as  applicable  to  all  pendula. 
5  (6)  and  6  (6).  The   main   disadvantoges  of  these  constructions,  viz.  the 
suspended   and   the   inverted   solid   pendulum   have   been   already 
pointed  out;  it  may  be  added  here,  however,  that  with  the  inverted 
pendulum  of  Forbe«,  the  supporting  spring  is  more  or  less  crippled 
down,  by  a  sharp  vertically  (or  nearly  vertically)  emergent  shock,  which 
gives  a  lateral  movement  (greater  or  less)  to  the  pendulum,  as  though 
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from  a  horizontat  originsiing  motiou,  to  that  the  Inatninieirt  gifra  i 
Buch  cases  an  absolutely  Talse  indication. 
7  (£)■  Mr.  Budge's  inverted  sjiHng  peadiilum,  restrained  to  a  single  seu 
oscillation  in  one  plane,  offVra  some  deei^ivc  advantages  over  an 
other  form  hitherto  proposeil  of  the  pendulum  seismometer,  Tl 
whole  length  of  the  pendulum  is  elastic;  and  the  rod  being  Ugh 
the  whole  weight  by  whose  inertia  it  is  bent  may  be  considered  i 
in  the  hall  or  bob.  If  £  be  Iht'  luomeot  of  resilience  of  the  rod,  an 
the  deflection  be  not  very  great,  the  angle  i(ipn=0.  then — 


£(L  tan  B—b)-- 


FL' 


L  being  the  kngtb,  and  b  the  horizontal  onlinate  of  deflection  of  tl 
pendulum.  It  is  plain  that  although,  like  every  other  elaatic  roi 
this  will  have  a  time  of  vibration  of  its  own,  and  be  therefore  liab 
to  part  of  the  theoretic  objections  made  to  the  simple  pendulum  o 
the  eame  account,  thin  funn  of  ptiitlulum  will  be  "brought  up 
much  more  nearly  within  the  true  limlta  of  the  earth-wave  amplitiK 
ID  its  horizontal  component. 

Perhaps  the  ratchet  and  p;ill  may  not  be  the  best  raodp,  proaticall 
of  arresting  itH  movement  at  the  end  of  its  tirat  fL-iniosciUatioit,  wit 
Huflicient  delicacy,  and  other  methods  are  ofavious  that  may  be  a| 
plicable,  but  if  the  elastic  rod  be  a  Hat  plate  of  autticiint  breadth 
relation  to  its  thickness,  and  each  rod  or  pendulum  (of  the  four)  I 
BO  placed,  with  reference  to  the  cardinal  pointo,  that  its  hroade 
dimension  shall  be  transverse  to  its  normal  plane  of  flexure,  it  is  th< 
obvious  that  practically  we  may  neglect  any  fle^cion  of  the  rod  edg 
tpoy*,  the  four  rods  in  Mctiou  being  posited  thus  (fig.  5) — 


Tig.  £ 


N. 

t 

T 
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and  that  ihua  we  obtain  a  flexure,  for  each  pendulum,  practical 
limited  to  its  own  vertical  plane  of  oscillation,  and  so  can  obtaiu,  f 
any  inlemiediate  line  of  wave-transit  between  the  cardinal  points 
good  approximate  resultant  direction  from  the  two  adjacent  coi 
ponent  deflesions.  Perhaps  a  flat  ribbon  like  rod  of  tempered  stw 
whose  section  should  be  a  rectangle,  with  sides  having  the  proportii 
of  about  30  :  1,  would  be  better  than  an  elastic  wooden  lath  ;  aod 
either  case,  it  h  probable  that  a  tape  or  silk  ribbon,  fastened  at  tl 
side  r,  and  passing  with  friction  tlirnugh  a  small  horizontal  mIoI  in  tl 
elastic  rod,  so  as  to  be  »itrctched  by  lis  deflexion  and  pulled  throng 
would  bf  the  best  and  simplest  cnode  of  registering  the  deflexion,  i 
the  an{;le  0. 

While  tills  appears  to  me  (he  best  of  the  ^olid-pendulum  arrang 

ments,  I  do  not  wish  to  be  mxierstood  as  recommending  any  one 

the  class. 

S  {/>),   Santi's  arrangement   is  of  c<iiii'sp  subject  to  the  objections  made  to  i 

peiidula.      It  possesses  some  advantage  in  separation  of  the  result* 


ON  THE  FACTS  AND  THEORY  OF  EARTHQUAKE  PHENOMENA.  81 

diflTerent  azimuths,  and  therein  in  clearness  of  indication ;  but  it  also 
has  special  disadvantages  of  its  own.  If,  for  example,  the  line  of 
earth-wave  transit  be  from  S.  to  N.,  and  the  E.  and  W.  pendulum 
be  set  up  at  the  S.  side  of  its  own  wall,  it  will  tend  to  be  thrown 
off  or  out  from  the  wall  by  the  shock  ;  if  placed  on  the  N.  side  of 
its  own  wall,  its  friction  will  be  increased  on  its  suspensions, 
and  tracing- point,  by  its  being  thrown  in  or  pressed  against  the 
wall ;  and  if  the  line  of  earth-wave  transit  fee,  say  N.W.  and  S.E., 
both  pendula  will  be  either  thrown  out  from  or  pressed  in  against 
their  respective  walls,  according  to  which  side  of  the  N.  and  S.  walls 
they  be  fixed  at.  This  source  of  variable  inaccuracy  might  perhaps 
be  eliminated  by  a  double  set  of  pendula,  viz.  one  at  each  of  the 
opposite  sides  of  the  N.  and  S.  and  of  the  E.  and  W.  walls,  which 
would  thus  be  oppositely  affected  (in  excess  and  in  defect)  by  this 
source  of  error. 
9  (h).  What  has  been  already  stated,  with  reference  to  errors  common  to  all 
pendula,  and  the  remarks  made  under  7  (b)  as  to  the  superiority  of 
elastic  over  simple  pendula,  render  it  needless  to  enlarge  on  those 
which  were  only  proposed  as  extemporaneous  instruments,  and  for 
which  they  will  be  found  convenient  and  useful,  and  not  more  in- 
accurate than  much  more  elaborate  ones. 

Referring  now  to  the  second  class,  or  self-regulating  instruments, — the 
disadvantage  of  the  one 

2  (a),  proposed  by  the  author  is  of  the  same  character  as  that  of  4*  (a)  of  the 
first  class,  viz.  too  delicate  a  sensitiveness  to  small  tremulous  shocks, 
which  derange  the  composure  of  the  instrument,  without  its  giving 
decisive  indications.  The  galvanic  recording  part  of  the  apparatus 
was  all  that  could  be  desired,  and  is  of 'Course  applicable  to  other 
forms  of  instrument  as  respects  the  displacement  portions.  Indeed, 
apparatus  identical  in  all  its  main  characteristics  has  been,  since 
brought  into  successful  and  constant  use  by  Professor  Airy,  Astro- 
nomer Royal,  for  the  registration  of  astronomical  and  other  kindred 
observations,  and  also  by  several  experimenters  abroad.  An  account 
of  many  such  arrangements  will  be  found  in  De  la  Rive's  *  Treatise 
on  Electricity.' 

2(a).  The  same  remark,  I  think,  may  apply  to  Professor  Palmieri's  seis- 
mometer, with  this  addition  :  the  movement  of  the  mercury,  equal 
columns  of  which  are  contained  in  the  opposite  legs  of  each  (J -shaped 
tube,  depends  in  his  instrument  wholly  upon  the  (J -tube  being  canted 
over  more  or  less  in  its  own  plane,  so  as  to  throw  the  legs  of  the  tube 
out  of  plumb.  This,  Professor  Palmieri  (if  I  do  not  misunderstand  him) 
considers  an  inevitable  consequence  of  the  transit  of  the  earth-wave 
at  the  instrument,  conceiving  the  earth's  surface  to  suffer,  in  every 
case,  such  a  sensible  heaving  undulation,  as  to  rock  the  instrument 
upon  it,  like  a  ship  upon  a  heavy  ground-swell.  I  must  confess  to 
entertaining  great  doubts  that,  in  the  great  majority  of  earthquakes, 
any  such  sensible  undulation  (enough,  at  leasf,  to  produce  a  sensible 
throwing  out  of  plumb  of  the  (J -tubes)  can  occur,  although  I 
have  no  reason  to  doubt  that,  from  its  delicate  sensitiveness,  con- 
tact will  be  broken,  and  the  instrument  act  in  so  far,  by  some  of 
the  violent  jars  or  jerks  that  it  may  receive.  This  peculiarity  con- 
stitutes, in  fact,  the  essential  difference  in  arrangement  between 
the  author's  seismometer  and  Prof.  Palmieri's.  In  the  former  the 
1858.  o 
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mass  of  the  mercury  ia  in  unequal  columns  in  ctich  tube,  so  that 
ils  displacement  is  ilepciident  solely  on  inertia:  il  therefore  sympa- 
tliir.eB  with  the  movement  of  the  tartli-wave,  emergent  in  vrbalevt-r 
way ;  in  the  latter,  the  i!orrectnrs.i  <if  indication  of  the  instrument  de- 
pends not  at  all  on  the  inertia  of  the  mercury,  but  siniplj'  upon  the 
alteration  uf  relative  surface-levf  I  in  the  opposite  legs  of  tlie  U  -tubes, 
when  the  latter  are  thrown  more  or  lesa  out  of  plumb  by  the  sup- 
posed undulation  of  the  earth's  surface  at  the  transit  of  the  shuck. 
3(l>).  Kreil's  ingenious  instrument  it  not  devoid  of  some  serious  objections. 
It  partakes  of  those  common  to  all  pendula ;  and  these  will  be  further 
perplexed  when  the  annular  dish  hi kl  ia filled  with  mercury,  which 
will  form  a  second  (fluid)  attached  pendulum  with  &  time  of  oscilla- 
tion of  its  own.  and  differing  largely  from  that  of  tlie  pendulum  which 
suspends  it.  Verj'  little  value,  however,  can  be  attached  to  th«  indi- 
cations  la  be  afforded  by  the  very  timall  amount  of  mercury  that  can 
be  caused  to  i^pill  out,  owin^  to  the  very  small  arc  of  osciUation  that 
the  whole  instrument  can  be  afforded  to  make  by  construction.  The 
most  serious  objection,  however,  lies  in  the  method  of  flexible  sus- 
pension adopted  for  the  whole  pendulous  part  of  the  instrument,  vie, 
by  two  a/torl  thin  plates  or  ribbons  uf  tempered  steel,  whose  respective 
vertical  planea  sre  at  right  angles  ti>  each  other,  the  object  being  Ut 
nlloui  of  oscillalion  in  any  direction,  but  prevent  rotation  upoi]  the 
vertical  axis.  Whenever  a  somewhat  energetic  disturbance  shall 
be  given  to  a  pendulum  so  suspended — so  as  to  cause  oscillation  in 
a  vertical  plane,  diagonal  to  the  crossing  planes  of  the  two  suspend- 
ing ribbons,  torsion  of  each  of  these  arises,  and  violent  twisting 
movements  (by  jerks)  of  the  pendulum  itself  result,  producing  sudden, 
jerking,  rotatory  oecillationa  af  the  bub  (the  cylinder  containing  the 
clockwork,  &c.)  round  the  axis  of  the  pendulum.  These  must  of 
course  interfere  with  and  derange  any  true  results  as  indicated  by 
the  tracing-pencil.  Hhieh  must  also  record  all  such  accidental 
moments,  and  probably  derange  the  rate  of  the  clock. 

There  does  not  appear,  however.to  be  any  insuperable  difficulty  in 
devising  another  mode  of  suspension  for  the  instrument,  that  might 
at  least  remove  this  defect. 

Such  are  some  of  the  main  objections  to  the  seismometric  instruments 
tliemselves,  hitherto  proposed.  It  remains  to  consider  the  difficulties  intro- 
duced by  the  nature  of  the  movements  we  require  to  observe  and  record 
with  them,  as  they  actually  take  place  in  nature.  What  we  want  to  find 
is  the  true  direction  of  emergence  of  the  normal  earth-wave,  with  its  dimen- 
sions and  velocity,  at  a  given  point  upon  the  earth's  surface.  This,  were  the 
earth  a  perfectly  homogeneous  elastic  solid,  though  much  easier,  would  still 
be  attended  with  grave  difficulties;  one  of  these,  which  must  ever  remain 
itiitmmentaUt/  insuperable,  consistB  in  the  fact  that  the  emei^ent  wave  on 
leaving  the  free  outlying  stratum  uf  the  earth's  surface,  differs  both  in  dimen- 
sions and  in  velocity  from  the  same  wave  in  the  previous  parts  of  its  deep 
transit.  Future  and  nmre  perfect  knowledge  of  the  law^i  of  imperfectly  elastic 
bodies  in  wave-transmission  «i'l,  it  may  be  expected,  enable  us  to  calculate 
the  latter  from  the  observed  final  part  of  the  transit. 

Far,  however,  from  being  honir)gcneoiis,  every  portion  of  our  earth's  crust 
that  we  are  aci|nainied  with  consists  of  various  "  couches,"  or  masses  of 
materials,  <lit)i'riiig  in  elasticity,  density,  ;ind  degree  of  discontinuity,  in  the 
character,  directions,  and  opfnness  or  closeness  of  the  discontiiiuant  fissures. 
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in  wetness  or  dryness,  in  temperature,  and  in  many  other  ways.  Stratifica- 
tion and  lamination,  with  their  transverse  master-joints,  affect  the  elasticity 
of  whole  mountain-ranges  and  profound  masses  of  the  land»  and  cause  it  to 
differ  in  different  directions. 

The  mass  beneath  our  feet  is  very  often  not  even  approximately  solid. 
Vast  beds  and  cavernous  recesses  occur,  empty,  or  filled  more  or  less  with 
water,  sometimes  with  lava,  ignited  rock,  and  steam  at  enormous  temperature 
and  tension ;  and,  for  anything  we  as  yet  knoWy  scismometry  may  require  to 
deal  with  depths  and  masses  where  the  solid  has  passed,  with  exalted  tem- 
perature, into  the  imperfectly  liquid  state. 

Again,  the  surface  of  our  earth  is  everywhere  more  or  less  uneven,  and, 
viewed  over  large  areas,  such  as  earthquake-transit  is  concerned  with,  is 
ribbed  with  rigid  mountain-chains,  often  intersecting  or  abutting  on  each 
other,  channeled  by  valleys,  river- courses,  deep  estuaries,  and  bays,  exca- 
vated into  basin-shaped  hollows  often  long  and  narrow,  sometimes  filled  with 
unconformable  rock  or  with  loose  and  incoherent  detrital  material,  and  inter- 
sected to  unknown  depths  by  dykes,  veins,  and  faults.  The  result  of  these 
differences  and  disturbances  of  internal  structure  and  superficial  features  is  to 
produce  perturbations  in  the  surface  emergence  of  the  earth  wave,  often  of  the 
most  amazing  and  perplexing  character ;  and  it  is  not  until  the  nature  and 
extent  of  these  have  been  realized  to  the  mind,  that  we  shall  be  enabled  to 
choose  the  best  form  6f  seismometric  observation,  to  determine  upon  the  only 
proper  sites  for  the  establishment  of  instruments,  and  to  see  within  what 
limits  our  first  researches  must  be  confined. 

Let  us  notice,  then,  a  few  examples  of  striking  surface-perturbation,  of 
direction,  of  the  great  earth-wave,  already  on  record. 

Savi  Q  Relazione  di  Fenomeni  presentati  dai  Terremoti  di  Toscana,  dell' 
Agosto  1846,*  p.  32-44)  and  Pilla  ('Istoria  del  Tremuoto  che  ha  devastate 
paesi  della  Costa  Toscana  il  dl  14  Agosto,  1846,'  p.  48-54)  have  both  recorded 
examples  of  horizontal  apparent  movement  of  the  earth-wave  in  directions 
orthogonal  or  even  actually  opposite  to  each  other,  and  at  points  within  very 
limited  distances  from  each  other,  while,  on  the  whole,  there  was  no  doubt 
of  a  ruling  general  direction  of  horizontal  movement  over  the  whole  region. 
I  can  merely  refer  to  their  relations,  as  scarcely  admitting  of  condensation 
intelligibly. 

M.  Perrey,  in  his  *  Memoir  on  the  Earthquakes  of  France,  Belgium,  and 
Holland '  (IVI6m.  Cour.  deTAcad.  Roy.  de  Brux.  torn,  xviii.),  under  date  of 
5th  July,  1841,  has  recorded  a  still  more  remarkable  instance  of  surface- 
perturbation,  which  the  small  map  (Plate  XII.)  of  the  northern  and  part  of 
the  central  region  of  France,  with  outlines  of  the  departmental  divisions,  illus- 
trates. Those  departments  in  which  this  shook  was  felt  are  marked  by  numerals 
referring  to  the  following  table.  The  directions  of  the  horizontal  component 
of  the  shock,  as  observed  at  the  several  places  named,  are  shown  on  the  map 
by  a  short  thick  arrow.  A  few  other  places  where  the  shock  was  felt,  but 
direction  not  observed,  are  marked  by  a  large  dot,  and  the  name  referred  to 
by  a  letter.  A  few  large  towns,  and  the  general  range  of  the  hilly  country 
(running  mainly  in  a  N.W.  and  S.E.  direction)  between  the  two  great  seats  of 
disturbance,  are  marked  in  mainly  as  general  guides  of  position  to  the  eye. 
This  earthquake  was  sufficiently  powerful  to  disturb  furniture,  move  objects 
visibly,  and  affect  clocks,  drc,  and  was  variously  reported  to  have  lasted  in 
difierent  places  from  two  or  three,  to  ninety  seconds  of  time. 
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Here,  tlicn,  we  have  two  very  limited  but  separated  eartliquake  districts — onp 
uround  Paris,  the  otiier  more  widdj-  spread  around  Tours— and  a  third  to 
the  S.W.,  stretching  into  C6te  d'Or,  in  which  we  have  the  observed  or  Uori- 
xontal  direction  of  shocks  from  N.  to  S.,  frnin  S.  to  N.,  from  W.  to  E.,  and 
from  N.E,  to  S.W.,  and  in  one  place  said  lo  be  vertical.  In  the  Paris  dis- 
trict the  extreme  distance  apart  of  the  placcj  of  obeervatioo  does  not  exceed 
30  English  miles,  the  average  being  under  15  EngliHh  miles. 

In  the  Tours  district  the  extremes  are  under  70  English  miles  apart,  and 
the  average  distance  under  30  miles.  The  central  part  of  one  region  is  not 
more  than  150  miles  from  that  of  the  other;  and  neither  district  is  niorc 
than  about  70  miles  distant  from  the  axial  line  of  the  chain  of  hills  thai 
separates  them,  and  in  the  prolongation  of  which  to  the  S.W.  the  third 
di:jtrict  is  widely  spread,  taking  the  general  line  of  axial  direction. 

Making  every  abatement  that  imperfect  observation  can  justify,  there 
I'lmaina  abundant  proof,  in  this  example,  that  even  in  places  within  view  of 
each  other  as  to  distance,  but  situated  over  heterogeneous  formatioBS,  and  in 
a  country  of  broken  and  irregular  surface,  the  superficial  direction  of  ahock 
may  present  anomalies  at  first  sight  a])parently  admitting  of  no  analysis,  and 
in  any  case  incapable  of  giving  any  direct  information  as  to  prevailing  dire& 
tinn,  or  position  of  focus,  by  mere  sctsmomelric  observations. 

The  third  and  last  example  we  shall  take  from  India,  as  one  not  devoid  of 
a  larger  interest  also.  In  the  map  (Plate  XIV.)  a  very  rude  outline  is 
given  of  the  geological  formations  of  India,  in  a  merely  seismic  relatiou 
however,  t.  e.  with  reference  to  relative  hardness,  density,  and  elasticity  of 
tlie  rocky  masses,— thus  distinguishing  them  only  into  the  six  great  divi- 
sions (jf  crystalline  or  granitoid,  old  stratiform,  secondary  (from  carboni- 
ferous to  cretaceous),  tcrtiarii^,  alluvial  plains,  and  some  igneous  porphyries, 
dioriti's,  &c.  In  the  colouring  of  this  I  have  lo  acknowledge  the  kind  as- 
sistance atlbrded  me  by  Professor  l'!iilli|is.  This  map  bus  been  fully  de- 
scribed in  "  Second  Report  on  the  Facts  ^"i'e."  (ISrit.  Assoc.  Trans,  for  1851, 
p.  :U;t  el  set/.),  where  it  shoulil  have  appi'ared  origiiinllv,  but  was,  at  a  late 
moment,  prevented  by  an  aecideut  connected  with  its  completion.  I  shall 
therc-forc,  referring  the  reader  lo  the  I'nriui-r  repoit,  merely  notice  here  the 
(act!,  as  relating  (u  seisniometry. 
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The  great  earthquake  of  1819*  which  extended  its  influence  right  across 
this  peninsula  from  Calcutta  to  Cutch,  and  during  which  the  Ullah  Bund  was 
elevated,  and  the  Runn  of  Cutch  submerged — the  former  a  low  mass  of  sand 
and  clay  seventy  miles  long,  about  fifteen  miles  wide,  and  elevated  about 
10  feet ;  and  the  latter  an  area  of  subsidence  of  about  2000  square  miles — 
had  a  great  general  line  of  horizontal  propagation  of  shock,  as  shown  by  the 
heavy  red  line,  of  nearly  from  W.  to  E.,  a  few  degrees  to  the  S.E. ;  yet  at 
Calcutta  it  was  felt  from  N.E.  to  S.W.,  and  at  many  places  along  this  immense 
line — situated  between  the  AravuUa  and  Vindhya  chains  of  mountains,  as 
for  example  at  Rampura — the  great  shock  was  felt  in  directions  quite  trans- 
verse to  the  principal  line. 

So  also  the  general  line  of  horizontal  direction  of  the  great  earthquake  of 
1833,  who.<e  origin  was  far  beneath  the  Himalayas  to  the  E.  and  N.,  had  a 
great  general  direction  about  that  shown  by  the  long  red  arrow  line.  At 
Katmandu,  in  the  mountains,  the  shocks  were  more  directly  E.  to  W.,  and 
also  (reflected  shocks  probably)  from  the  ranges  to  the  N.,  which  had  a 
direction  nearly  N.E.  to  S.W.,  while  in  the  great  plain  of  the  Ganges  the 
observed  directions  were  various,  and,  without  a  more  complete  knowledge  of 
the  geology  and  surface>con6guration  of  the  country,  perfectly  unanalysable, 
in  some  places  N.  to  S.,  and  at  others,  sixty  miles  off,  from  E.  to  W. 

While  we  must  regard  many  of  these  observations  as  deserving  of  little 
stress  as  to  accuracy,  enough  remains  to  prove  that  perturbations  in  the 
main  directions  of  emergence  at  the  surface  of  the  normal  earth-wave,  due 
to  heterogeneity  of  structure  in  depth,  and  to  inequality  of  surface,  prin- 
cipally, arc  of  such  a  nature,  as  to  render  a  special  choice  of  disttrict  neces- 
sary in  attempting  any  seismometrical  researches  (even  with  perfect  instru- 
ments) which  have  in  view  the  determination  of  the  position  of  the  focus 
of  disturbance.  This  choice,  according  to  our  present  knowledge,  must  be 
determined  by  the  following  conditions  : — 

1.  The  whole  surface-area  of  observation,  and  to  as  great  a  depth  as 

possible,  must  be  uniform  in  geological  structure. 

If  of  stratified  rock,  not  greatly  shattered  and  overthrown,  but 
(viewed  largely)  level  or  rolling  only.  The  harder  and  more  dense 
and  elastic  the  formations,  the  better,  but  neither  intersected  by 
long  and  great  dykes,  nor  by  igneous  protrusions  of  magnitude,  nor 
suddenly  bounded  by  such  formations. 

2.  The  surface  must  not  be  broken  up  into  deep  gorges,  and  rocky  ranges, 

and  valleys.  Seismometry,  in  a  high  and  shattered  mountainous 
country,  can  scarcely  lead  to  any  result  but  perplexity.  If  the  surface 
be  deeply  alluvial  all  over,  it  is  less  objectionable  than  valley-basins, 
and  pans  of  deep  alluvium,  with  rocky  ribs  between  them. 

3.  The  size  of  the  area  chosen  for  observation  must  bear  a  relation  to  the 

force  of  the  shocks  experienced  in  it.  Moderate  shocks  are  always 
best  for  observation^  and,  in  large  areas  of  the  most  uniform  character 
of  formation  and  surface,  will  give  the  most  trustworthy  indications. 

4.  If  several  seismometers  be  set  up  in   the  area,  they  should  be  all 

placed  on  corresponding  formations,  either  all  on  rock,  or  all  on  deep 
alluvium.  The  rock,  when  attainable,  is  always  to  be  preferred. 
Three  seismometers,  at  as  many  distant  stations,  will  be  generally 
found  sufficient,  if  the  object  be  chiefly  to  seek  the  focal  situation  and 
depth. 

Having  now  cleared  the  way  by  stating  the  difficulties  of  seismometric 
observations,  1st,  as  respects  the  instruments  themselves,  2nd,  as  respects 
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their  local  emplacement,  it  remains  to  describe  the  instruments  that  appear 
to  me  the  bent  cakul&ted  for  the  attainment  of  the  object-"  we  can  at  present 
propose  to  ourselves  in  seismomelry,  and  to  point  out  how  such  may  best  be 
applied ;  as  also  some  indirect  methods  of  arriving  at  the  motit  important  and 
intereiiting  primary  result,  that  we  are  entitled  to  eipect  in  the  first  instance 
from  such  re»earaheg,  namely,  an  approximation  to  the  actual  depth  of  fucui 
within  the  earth,  from  which  earthquake-impulses  are  propagated  to  the 
surface. 

Were  it  possible  to  construct  a  perfect  seismometer,  it  should  recoid 
simultaneously,  1st,  the  movements,  both  horizontal  and  vertical,  of  the 
elastic  wave  itself,  viz.,  the  escursion  or  amplitude,  the  altitude,  and  the 
maximum  velocity  in  the  coordinates  x,  y,  and  e, — z  being  vertical ;  2nd,  the 
movements  of  translation  of  the  "advancing  form"  or  wave  itself  at  its 
emei^eoce  upon  the  earth's  surface,  niiL  the  velocities  in  the  correopond- 
ing  coordinates  a;,,  y,,  and  x^. 

These  involve  alone  tW(:lve  equations  of  condition  ;  and  we  ativtrnt  that 
the  elastic  medium  (the  earth)  through  which  the  wave  is  transmitted,  is 
homogeneous,  in  density  and  elastie  modulus;  and  that  the  final  wave- 
movements,  of  the  free  oiitlying  stratum  at  the  surface,  obey  the  same  laws 
as  do  those  of  the  succes^^ive  "  couches  "  beneath. 

Generally,  we  muiit  aiuume  the  elasticity  perfect,  and  that  the  mV  viva  of 
any  particle  in  motion.  Am,  is  determinable  from  its  Telocity  at  its  position  of 
equilibrium.     From  the  general  equation  of  wave-motion  d^H 
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we  hare  the  velocity  at  any  point  where  a'  is  the  intensity,  X  the  ampUtudCi 
a.  the  transit-rate  or  velocity  of  propagation,  x  the  abscissa,  and  (  the  time. 

At  the  position  of  equilibrium  v=a,  and  the  vig  viva  of  the  particle  Am 
during  the  whole  undulation  is  ima",  and  proportionate  to  o'.  The  wave 
we  must  suppose  emanatinp  from  a  cmitral  point,  and  propagated  ouiwards 
in  all  directions  alifee,  in  imaginary,  concentric  spherical  "  couches."  The 
vtf  viva  must  remain  constant  during  the  whole  propagation.  The  velo- 
city of  propagation  a  i*  also  constant ;  and  tht  mats  of  Ute  medium  in  vxive- 
motion  at  any  moment  of  tke  translation  is  the  same;  so  that,  if  r^the 
radius  of  any  such  spherical  "  couche,"  the  work  done  in  it  by  the  wave 
is  proportionate  to  r^xa",  and  constant  for  the  whole  transit,  a*  being 
GC  a—-     As,  therefore,  the  mass  in  simultaneous  undulation  is  constant,  the 

thickness  of  each  imaginary  successive  "  couche  "  must  decrease  as  r*  ;  and 
so  the  displacing  power  of  the  wave  diminishes  also  as  r',  and  the  work  done 
by  the  wave  within  any  such  "couche"  of  determinate  thickness^ 2 J Ama*, 
— or  M,  being  the  mass  in  simultaneous  undulation,  =^Mii<. 

The  wave  at  its  origination,  starts  in  any  radius,  with  one  normal  and  two 
transversal  viliralions,  the  separate  determination  of  which  would  rcijuire  a 
corresponding  incrrasc  in  the  number  of  equations  fur  x,y,  andz;  and  in  the 
recorded  facts  by  the  instrument.  It  is  obvious,  then,  even  with  the  utmost 
si mpliH cations  wo  can  assume  as  to  the  molecular  condition  of  the  medium 
(the  earth),  that  practically  we  must  be  content  with  a  seismometer  that  shall 
record  only  some  of  the  mure  important  conditions  of  the  earth-wave,  and  in 
such  a  manner  as  shall  enable  us,  indirectly,  to  arrive  at  others.  And  in 
considering  the  relative  importance  of  the  several  elements,  the  maximum 
velocity  of  the  wave  at  its  |»)i(it   of  omergenco   upon  the  surface,  with  the 
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directions  in  .r,  y^  and  z^  or  the  horizontal  components  (x  and  y)  of  the 
direction  of  motion  and  the  vertical  component  z^  will  be  found  the  most 
valuable. 

These  are  determinable  by  one  instrument  only.  By  two  or  more  such, 
at  separate  and  moderately  distant  places,  the  velocity  of  propagation  or 
transit-rate  a  may  be  found ;  and  by  combining  the  results  obtained  by  both, 
in  calculation,  each  may  be  made  to  check  and  control  the  other,  and  for  a 
given  seismic  region  (apart  from  serious  perturbations  of  internal  forma- 
tion) we  can  obtain  the  point  upon  the  surface,  vertically  above  the  origin 
of  the  wave,  and  approximate  to  the  depth  of  the  origin  itself,  or  of  the 
focus  of  disturbance,  below  the  earth's  surface. 

One  or  other,  of  two  distinct  seismometric  arrangements,  may  be  adopted, 
both  dependent  upon  similar  principles, — the  second  being  of  a  simpler  and 
less  expensive  character,  but  not  susceptible  (as  a  tingie  instrument)  of  indi- 
cations as  accurate  as  the  first,  yet,  as  respects  applicability  to  determi- 
nations of  time  (as  one  of  several,  set  up  in  a  given  seismic  area),  quite  as 
exact. 

I  proceed  to  describe  the  construction  of  both,  their  principles  and  action. 

The  first  instrument  is  exhibited  in  PI.  XV.  figs.  1,  2  &  3.  Fig.  1  is  a 
lateral  geometric  elevation  of  the  instrument,  whose  length  is  placed  in  the 
direction  N.  and  S.,  as  seen  in  plan  in  fig.  2, — a  precisely  similar  instrument 
being  placed  at  right  angles  of  azimuth  to  it,  or  with  its  length  £.  and  W. 
The  same  letters  of  reference  apply  to  similar  parts  in  all  the  figures.  Fig.  2 
represents  both  the  N.  and  S.  and  £.  and  W.  instruments  as  placed  in  posi- 
tion, WW  being  part  of  the  external  wooden  shell  or  wall  of  the  seismic  ob- 
servatory, which  may  best  be  always  of  wood,  or  such  material,  and  circular 
in  form. 

In  figs.  1  and  2,  a  a  is  a  cast-iron  tabular  bar,  whose  upper  surface  is 
horizontal,  and  whose  long  parallel  edges  are  either  N.  and  S.  or  £.  and  W. 
It  is  attached  to  a  rigid  cylindrical  vertical  bar  of  wrought  iron,  b  b,  which 
passes  freely,  but  without  shake,  through  bored  holes  in  the  top  and  bottom 
collars  of  the  heavy  cast-iron  frame  c  c,  which  is  firmly  bolted  by  its  bottom 
flanch  to  the  heavy  stone  floor  of  the  observatory;  or,  if  the  latter  can  be  so 
placed,  to  the  natural  solid  rock  when  levelled  to  form  its  floor.  Beneath 
the  frame  c  c  is  a  pit,  pp^  for  convenience  of  access  to  the  bottom  of  the 
instrument.  Upon  the  vertical  bar  b,  a  collar  is  fixed  of  wrought  iron,  ky 
between  which  and  the  lower  bored  collar  of  the  frame  <r  <r,  a  spiral  spring, 
e,  is  placed,  having  its  axis  coincident  with  that  of  the  bar  6. 

This  spring  sustains,  when  at  rest,  the  weight  of  the  bar  and  table  a  a,  and 
of  all  resting  upon  it,  and  is  so  adjusted  as  to  resistance,  that  such  forces  in 
the  vertical  direction,  as  it  may  be  expected  the  instrument  will  be  exposed 
to  at  any  time,  shall  not  be  able  to  compress  the  spring  to  such  an  extent,  as 
to  bring  the  lower  surface  of  the  table  a  a,  into  contact  with  the  top  part  of 
the  frame  cc.  A  vertical  '*  feather,*'  let  into  the  bar  b,  prevents  it,  or  its 
superior  attachments,  from  altering  their  position  with  reference  to  the  frame 
c  c,  by  turning  round  the  vertical  axis  of  the  bar  b  in  its  collar-bearings. 

A  small  sliding  index,  not  shown  in  the  figure,  also  moves  in  a  longitudinal 
groove  at  the  opposite  side  of  the  bar  6,  and,  being  placed  in  contact  with 
the  top  of  the  frame  c  c,  when  the  whole  is  at  rest,  indicates  the  extent  of  any 
vertical  depression  of  the  bar  6,  and  of  its  load,  by  compression  of  the  spring 
e,  A  buffer  collar  of  vulcanized  india-rubber  is  placed  at  /,  above  the  iron 
collar  ^  as  a  precaution  against  a  jar,  in  case  of  the  sudden  removal  of  part 
of  the  load  on  a  a  by  any  accident. 

Upon  the  upper  side  and  centre  of  the  length,  of  the  tabular  bar  a  a,  is 
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cast  a  hollow  quadrilatfnl  prism,  ^,  wliicli  will  be  called  "  the  black,"  ftrovid^d 
with  four  "  luf!s"  to  receive  the  pivol-ecrewH  »,  n,  n,  n.  The  table  a  a,  sup- 
ports two  similar  cast-iron  inclined  planes  i,  i,  having  for  ihcir  entire  length 
the  trough-shapeil  nectioii  as  shown  in  fig.  3.  These  plane:)  are  fixed  to 
the  table  u  i,  by  the  pivot-8crew»  n,  n,  and  by  the  adjui ting-screws  m,  in 
beoeath,  so  that  by  means  of  the  tatter,  the  inclinailon  of  either  phiae  may 
be  altered  or  fixed,  being  otherwise  Tree  to  rotate  in  a  vertical  plane, 
within  certain  limits,  round  the  pivot-serews  n,  n,  so  as  to  alter  the  angles 
of  inclinatiun. 

Upon  each  of  thest  incliued  planp^,  is  placed  a  large  heavy  ball,  formed  of 
a  hollow  sphere  of  bar>l  gun-metal,  of  abinit  03  of  an  inch  in  thickness. 
truly  spherical  aoH  polished  outside,  and  filled  up  •iolitl  with  lead.  These 
balls  are  adjusted  in  diameter,  to  the  breadth  and  form  of  the  inclined  planes 
(as  in  tig.  3),  so  as  freely  to  roll  along,  with  but  two  points  of  contact. 

When  the  planes  t,t  are  adjusted  at  equal  inclinations, the  balls  B,  B,  rest 
at  their  lowest  ends,  and  are  laterally  in  contact  with,  and  supported  by,  the 
hard  wood  stops  r,  r.  driven  (from  outride  inward*)  through,  and  well-fitted 
in,  currespoiiding  rectangular  horizontal  "slots"  iu  opposite  sides  of  the 
block  ff, — the  end  iif  each  wood  stop  being  curveit  to  fit  the  surface  of  the 
balls,  iu  a  horizontal  great  circle,  and  no  that  the  plane  of  the  stop  passes 
through  the  centre  of  gravity  of  the  ball.  Through  each  wood  stop  there 
pass  the  e —  and  e-f  extremities  of  a  gnlvanic  couducting-circuit  of  thick 
copper  wires,  placed  at  about  an  inch  apart,  where  they  pass  parallel  to  each 
other,  through  the  wood  stop,  with  their  extreme  ends  coinciding  with  the 
surface  of  the  stop  next  the  ball,  and  being  amalgamHled  ;  so  that  while  ever 
the  ball  reposes  in  contact  with  the  wood  stop,  the  galvanic  circuit  remains 
completed,  through  the  ball,  between  the  ends  of  the  wires,  but  is  broken 
the  moment  the  ball  is  removed  from  contact  with  them. 

For  one  complete  seismometer  there  are  two  such  instruments  as  have 
been  thus  described,  — one  pl.iced,  as  in  fig.  2,  in  a  N.  and  S.,  and  the  other 
in  an  E.  and  W.  direction,  as  respects  their  length,  and  having  thus  four 
inclined  planes  and  balls,  inch  wiih  its  own  distiitcl  <;a1vBDic  circuit  from 
one  common  baitery.  A  clock  |>lRccd  in  the  observatory  carries  round  a 
cylinder  with  ruled  paper,  and  each  of  four  peni'il  markers  continues  to 
describe  an  unbroki'n  line  thereon  so  long  as  tiie  balls  are  in  contact  with  the 
blocks  (or  wood  stops  and  galvanic  poles);  but  (i>y  an  arrangemmt  pre- 
cisely similar  to  that  described  for  my  Huid  pcndubun  seismometer — Tran*. 
Itoy.  Iri^ih  Acad.  vol.  xxi.  p.  107)  the  moment  any  ball  ceases  to  be  in  con- 
tact with  the  block,  and  for  as  long  bk  it  is  so,  tlie  pencil  is  withdiawn,  and 
leaves  a  break  in  the  otherwise  continuou-^  line  traced  by  the  rotation  of  the 
paper.  No  part  of  this  clockwork  registering-drrungemeut  is  shown  in  the 
Plate,  as  sivcral  modifications  of  it  are  practicable,  and  no  one  in  parti- 
cular is  essential  to  the  principle  of  the  acisnioincter  before  us. 

To  illustrate  the  mode  of  action  of  tlie  instrunienr, — returning  to  fig.  1, 
suppose  it  to  be  the  N,  and  .S.  one,  and  adjusted  so  that  the  bar  b  is  truly 
vertical,  the  parallel   sid>'s  of  the  inclined   planvs  r  and  i  truly  in  directum, 

-         ..  .      j.;^,,,,     ,,,,.     ^^,,jj,^        -J.!,,.,,     j,-    j[,^   g^^^„   Q 

'  iif  ail  eartin|u;ikc-n'ave  (supposed  here 
iiid  tVoin  S.  to  %'.),  at  the  first  instant 
,  the  bar  I/,  and  table  a  u,  with  all  they 
o  compress  the  spring  e  by  their  inertia, 
vertical  component  of  the  wave,  which 
Al»i>  at  the  first  instant  of  arrival  of 
t-  ineitij,  "ill  amvi-  ,.H'  lV,>ni  llie  block 
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towards  C,  ;  and  the  instant  of  its  departure,  by  breaking  galvmiic  contact  of 
the  poles  at  its  stop,  marks  that  of  the  commeticemetit  of  the  shock.  But  the 
whole  instrument  is  carried  forward  by  the  horizontal  component  of  the 
shock,  and  then  moves  back  again ;  the  ball  B  is  therefore  carried  forward 
also,  urged  by  the  block  at  r,  and  is  caused  to  roll  up  along  the  inclined 
plane  a  certain  distance,  say  to  C,  where  it  comes  to  rest,  and,  reversing  its 
motion,  rolls  back  again  by  gravity,  and  returns  to  rest  in  contact  with  the 
block  and  galvanic  poles  of  its  own  stop.  7^  ball  which  first  moves,  which 
we  may  call  the  Time  Ball  (as  indicated  in  time  by  the  pencil  trace  on 
the  clock- cylinder  paper),  will  always  be  that  at  the  side  from  which  the 
shock  arrives.  We  neglect  any  account  of  its  subsequent  motions.  The 
other  ball,  which  we  may  call  the  Element  Ball,  by  its  movements  gives 
us  the  elements  of  the  wave.  The  instrument  records  the  whole  time  that  it 
is  out  of  contact  with  the  block  g,  viz.  that  of  its  excursion  up  and  down 
the  inclined  plane  t.  If,  in  place  of  the  wave  having  emerged  at  some  angle 
to  the  horizon  from  S.  to  N.,  it  had  come  at  the  same  or  at  any  other  angle 
of  emergence  between  vertical  and  horizontal,  in  the  reverse  direction  or 
from  N.  to  S.,  then  the  action  of  the  balls  also  would  have  been  reversed, 
B  becoming  the  Time  Ball,  and  being  left  behind,  and  thus  noting  the  mo- 
ment of  arrival  of  the  wave;  and  B,  being  thrown  up  along  the  inclined 
plane  t,  giving  its  elements. 

Again  (referring  to  fig.  2),  if  the  wave  emerge  at  some  azimuth  between 
N.  and  S.  and  £.  and  W.,  suppose  from  the  S.W.,  with  any  angle  of  emergence, 
then  by  the  vertical  component  the  springs  of  both  the  N.S.  and  E.W.  instru- 
ments will  be  compressed  (and  nearly  alike).  The  time  balls  B,  of  the  N.S.  and 
B,  of  the  E.W.  instruments  will  be  left  behind,  as  before,  (and  both  at  the 
same  instant  will  break  contact  with  the  block);  and  the  element  balls  B  and 
B  will  be  thrown  forward  upon  their  respective  inclined  planes,  as  before — to 
equal  distances  in  the  case  of  the  exactly  intermediate  azimuth  here  supposed, 
but  to  unequal  distances  if  this  azimuth  be  more  to  the  W.  or  to  the  S. 
The  instrument  records  the  simultaneous  excursions  of  both  balls  B  and  B, 
giving  the  total  time  (as  before)  that  each  ball  is  out  of  contact  with  its  own 
block  or  stop ;  and  if  the  direction  of  the  wave-movement  be  reversed  as  re- 
spects the  instrument  (suppose,  from  some  point  of  N.E.  towards  S.W.),  then 
the  respective  movements  and  functions  of  the  balls  will  also  reverse  themselves, 
B  and  B  being  left  behind,  and  B,  and  B,  thrown  forward,  &c. 

The  general  size  and  strength  of  the  instrument  must  be  determined  with 
reference  to  the  degree  of  violence  of  the  earthquake-shocks  to  be  anticipated 
in  the  seismic  region  it  is  intended  for.  The  very  greatest,  and  the  very 
smallest  perceptible  shocks,  are  alike  unsuited  for  useful  measurement.  The 
dimensions  of  the  instrument,  as  shown  by  the  scale  of  the  plate,  are  such  as 
I  consider  fitted  to  ensure  its  functions,  under  the  effects  of  those  shocks  of 
mean  intensity  (such  for  example,  as  those  common  in  the  Mediterranean 
basin,  or  in  those  of  Hungary  and  Austria),  and  with  moderate  vertical  angles 
of  emergence,  which  are  those  best  to  observe  in  the  existing  state  of  our 
knowledge. 

The  most  important  points  of  precaution  of  a  constructional  character  to 
be  noticed  are  the  following : — The  balls  siiould  be  of  lead  chiefly  (the  sur- 
face being  formed,  for  hardness  and  smoothness,  of  gun-metal),  to  reduce 
their  proper  elasticity  as  much  to  possible.  The  inclination  of  the  planes  i,  i 
must  be  small,  probably  never  exceeding  15°,  and  the  length  and  inclination 
so  adjusted  by  experiment,  to  the  maximum  time  of  wave-oscillation  in  the 
district  of  observation,  that  the  wholte  time  of  rolling  up  and  down  of  the  ball 
shall  be  considerably  longer  in  duration.     Their  bearing-edges  must  be  per- 
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fectly  paralltl  anii  siuooth ;  and  the  length  of  the  planes  muM  be  such,  as  to 
make  it  highly  imprubable  that  an;  hall,  in  its  excursiou  under  shack,  can 
reach  the  upper  eud.  A  wiiuil  atop  h  fixed  at  this  point  tu  arrest  the  bal), 
should  it  ever  chance  to  reach  it;  and  beyond  this  a  Htout  net  (like  the  purse  of 
a  billiard-table)  may  be  fixed  lo  a  separate  support  (from  the  lioor),  to  receive 
the  ball,  if  upon  an  extraordinary  occasion  thrown  out  of  the  inatrumeut. 

It  is  assumed  (bat  any  alternate  aiieration  of  the  inclination,  of  the  inclined 
planes  i,  i,  by  actual  surfaee-wttdulation,  carrying  the  whole  instrument  with 
it  at  the  passage  of  the  earlh-u'ave,  may  be  neglected,  i.e.  that,  fur  example, 
a  wave  passing  in  a  direction  from  S.  to  N>  will  nitt  sensibly  lift  up  the  S.  end 
(of  [he  N.  S.  instrument)  first,  and  then  tbi!  N.end,  and  so  first  increase  the 
incliuatioQ  of  the  plane  of  li,  and  reduce  that  of  1!,  and  then  viix  vend; 
and  that  whatever  amount  of  tilting  may  thus  occur  will  so  momentarily 
affect  the  inclined  planes,  and  in  oppoeite  directions,  a>  not  to  interft^re 
with  the  proposed  movements  of  the  balls. 

This  assumption  isjustified  by  the  fact  that  the  value  of  \,  the  amplitude 
of  the  earth-wave  in  the  norinal,  is  always  grpat  in  relation  to  its  altitude, 
and  in  the  case  of  oblique  surface-emergence  its  horizontal  component  is  of 
still  greater  length  :  so  that  the  angle  of  slope  Of  either  fat^e  of  the  emergent 
nave  with  the  horizon,  is  practically  imperceptible  in  moderate  shocks;  and, 
further,  any  tilting  that  can  occur  takes  place  in  opposite  directions  suc- 
cessively, so  as  nearly  to  compensate. 

The  vertical  spring  e  must  be  delicate  and  sensitive,  at  the  first  instant  nf 
its  compre^ion,  in  proportion  to  the  movement  by  inertia  of  the  large  mass 
that  it  carries,  and  its  range,  propvnioned  to  the  degree  of  steepnew  of 
emei^ence  to  be  expected  in  the  region  of  observation. 

The  whole  vertical  component  is  absorbed  by  this  spring,  and  may  be  mea- 
sured by  its  compression  ;  but  it  ia  important  that  it  shall  give  way  senntively, 
at  the  first  moment  of  shock,  in  order  that  neither  of  the  balls  shall  have  any 
tendency  to  rise  from  the  inclined  planes  that  support  them,  and  that  its  resili- 
ence shall  not  be  too  lively,  so  as  not  to  produce  rebound  upon  the  restoration 
from  compression.  In  ceitain  seismic  regions,  where  great  steepness  of 
emergence  may  be  looked  for,  the  vertical  component  will  probably  be  be«l 
met  by  the  depression  of  a  conical  float  with  the  apex  downward,  fixed  to 
the  lower  end  of  the  bar  b  b,  into  a  cylindrical  vessel  of  water  placed  beneath 
the  instrument ;  but  this  must  b«  matter  of  experiment  in  such  regions. 

Were  the  whole  instrument  rigidly  fixed  to  the  ground,  the  latter  as  well 
as  the  materials  of  the  instrument  and  ball  highly  elastic,  and  the  velocity 
of  emergence  of  the  wave,  in  its  vertical  component,  very  great,  it  is  obvious 
that  time  would  not  be  afforded  to  the  ball  U,  merely  to  roll  up  along  the 
plane ;  it  would  be  thrown  up  obliquely  from  it,  and.  describing  a  short  trajec- 
tory, would  fall  back  again  upon  the  phine  a  little  higher  up,  and  then  re- 
peat a  still  shorter  trajectory,  or  begin  to  roll  upwards.  But  the  ball  is  very 
inelastic,  the  rate  of  emergence  of  the  wave  is  not  very  great  in  its  vertical 
component;  and  the  effect  of  this  upon  the  instrument  is  spread  over  a  still 
longer  lime  by  the  interposition  of  the  spring  c. 

If /  =  the  time  of  the  wave  in  seconds,  -  will   be  nearly  the  instant   of  its 

maximum  velocity  v,  in  feet  per  second  ;  thus  tlic  condition  that  shall  ensure 
the  bail  H  rolling  ouli/,  and  not  being  projected,  is  lliat  tiie  vertical  compo- 
ucnl  of  V  shall  be  less  than 
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Unless,  possibly,  in  the  case  of  nearly  vertical  emergence,  and  from  the  most 
solid,  and  elastic  crystalline  rock,  an  ample  latitude,  ^,  is  secured  by  the  ver- 
tical spring. 

We  will  now  consider  the  movements  of  the  element  balls  B  and  Bj  along 
the  planes  t,  t,  due  to  the  horizontal  component  of  motion,  taking  the  two  in- 
struments (viz.  the  N.  S.  and  £.  W.  seismometers)  together,  and  assuming  the 
horizontal  component  in  any  azimuth  0. 

The  blocks  gr  (N.  S.)  and  gr  (E.  W.)  move  forward  horizontally,  and 

force  on  the  balls  B  and  Bj  before  them  until  the  instant,  ^,  when  the  blocks 

have  acquired  their  maximum  velocities,  with  that  of  the  wave,t^;  the  balls  then 
part  company  from  the  blocks,  and  continue  to  move  up  along  the  respective 
inclined  planes  t,  t,  sliding  for  the  first  indefinitely  short  moment,  and  then, 
with  a  certain  reduction  of  velocity  due  to  the  friction  of  the  planes  which 
produce  the  change  of  motion,  roUing  up  along  them.  This  initial  sliding 
velocity  will  be 

For  the  ball  B  ...  V=i?  sin  0 ; 

For  the  ball  B, . . .  V=t;  cos  0. 

As  soon  as  the  sliding  is  converted  into  rolling  motion  by  friction,  these 
velocities  will  become 

5  5 

•r-t;  sin  6,  and  - 1^  cos  0. 

7  7 

Assuming  that  the  change  takes  place  almost  instantly  after  the  balls  have 
begun  to  move  from  the  blocks,  i.e.  that  gravity  has  not  had  time  perceptibly 
to  alter  the  velocity  up  the  plane,  and  neglecting  the  small  efiects,  due  to  the 
elastic  compression  of  the  balls  and  blocks  themselves,  and  also  supposing 
that  the  loss  of  velocity  of  the  ball,  by  conversion  of  its  sliding  into  rolling 
motion  by  friction,  is  less  than  the  diminution  of  velocity  of  the  block  (in  the 
same  short  time),  in  returning  from  its  maximum  velocity  to  rest,  the  balls 
B  and  B,  will  be  retarded  by  forces — 

For  B -^  sin  t, 

7 

For  B,    ~g  cost, 

t  being  the  common  inclination  of  the  planes. 

The  ball  B  will  therefore  ascend  upon  its  plane  to  a  vertical  height 


(I  V  sin  oV 

\7  /  _  5  r« 


10  Ug 

7^ 


=  j:l.^sine=H; 


we  have  therefore 


1?  sin  6=4/11  ^H. 
So  also  the  ball  Bj  will  ascend  to  the  height 


vcos6= 

therefore 

Un  0 


Vh'* 


(H-~H')=v'89-6(H 


This  calculation  luiiunies  that  the  sliding  is  converli'd  into  rolling  motion  in 
an  indefinitely  short  time,  as  it  would  in  Tact  be,  if  the  aJhesiun  o(  the  balls 
were  large,  and  the  iaclinatlon  of  the  planes  ■  Hmall ;  but  if  the  inclination 
at  the  latter  be  considerable,  as  1 5°  or  upwstrds,  a  more  exact  determination 
\a  neccBsary. 

Let,  as  before,  the  horiKonlal  componcnis  of  the  velocity  nitli  which  the 
balls  begin  to  move,  be  t*  sin  0,  and  v  cos  0,  Z  the  vclucity  in  the  verticul. 
and  the  inclinatioa  of  the  plan&s  i  noiv-  large. 

The  initial  velocity  of  aacent  parallel  to  the  plaUM  ^'ill  be. 

For  the  ball  B psinfl  cosi  +  Z  »in  i, 

and  For  the  ball  B, P  cos  8  cob  i-t  Z  sin  i. 

Let  q>  be  the  coefficient  of  frictional  adhemiim,  of  the  bnlU  to  the 
iben  tbej'  will  ascend  ihc  planes  to  the  heights, 

g  y  _(.>sinflcoB;  +  Zgiru-)'  _  gtani  +  % 

'itf  'I  tani  +  7^ 

p  jj  ^  (rco.flcns.>Zsin,>  _  2tan,-+5^ 

'  '  '2ff  2tanj  +  7p 

V  and  6  are  known  if  the  value  of  Z  be  gisen  ;  and  this  may  be  ascertaiiu 
experimentally  from  the  comprexaioa  of  the  vertical  spring;  or,  as  sug- 
gested  by  my  friend  Dr.  Harte,  to  whom  I  have  been  indebted  for  thet*. 
equations,  a  second  pair  of  experimental  inclined  ptaneK  and  bells  might  be 
used,  with  an  inclination  greatf  r  than  i  (say  2i},  from  ihe  observed  movementi 
upon  which,  two  more  equations  could  be  got,  the  four  equations  being  tht^n 
more  than  enough,  to  determine  t-,  Z  and  ft. 

But  the  nature  of  the  instrument  is  to  rtcord  the  values  of  H  and  H„  in 
terms  of  the  tckole  lime  that  tlic  balls  B  and  B  are  out  of  contact  with  the 
block  gr,  i.  e.  of  their  rolling  up.  and  down,  the  ini-lined  planes,— this  time 
being  given,  by  the  lacune  in  the  pencil-lrapc  in.nle  upon  the  revolving  cy- 
linder of  paper  carried  along  by  the  clock.  The  time  of  the  balls' ascending 
to  the  highe;^t  point  reached  on  the  plane  will  be  independent  of  adhesion  ; 
and  calling  it  t,  we  have. 

For  the  ball  B (  ^i;sinfl  cosi+Z  gin  .  _ 


llUM^l 

lineal 
»ug-  » 


For  the  ball  B, 


The  time  of  descent  back  to  the  starticig-point,  due  to  the  heights  H  and  H', 
will  be  a  litlle,  b;<t  inappreciably,  less  th.in  this. 

The  entire   time  of  llie  double  o--cilliiiJ..ii  <,f  facli   Iwll,  therefore,  or  its 


For  It.. 

Vi,v  11, 

jeffi.iciil  ^  I 
iai  <if  Ihe  l>:i 


('VS:;:S:)^ 
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Reverting  now  to  the  time  balls  B^,  BS  those  which,  being  lefth^hindy  record 
the  instant  of  the  arrival  of  the  shock  at  the  instrument, — it  has  been  stated 
that  we  have  no  occasion  to  determine  their  subsequent  movements ;  it 
may  be  well,  however,  to  clear  our  notions  generally  as  to  what  these  will 
be.  Rotation  is  almost  instantly  communicated  to  these  balls  by  adhesion 
with  the  moving  planes  on  which  they  rest.  The  block  moves  off  horizon- 
tally (in  the  direction  of  the  wave)  from  the  ball,  which  rolls  thus  with  a 
retarded  motion  up  the  inclined  plane  in  a  relatively  opposite  direction.  The 
block  attains  its  maximum  velocity  V,  and,  coming  to  rest,  reverses  the  direc- 
tion of  its  own  motion,  and  now  follows  back  after  the  ball  that  it  bad  lefl 
behind,  which  it  may  overtake,  and  strike^  with  a  relative  velocity  equal  to 
the  sum  of  its  own  velocity  and  that  of  the  ball,  or  to  their  difference,  depend- 
ent upon  the  state  of  motion  of  the  ball  at  the  moment  of  impact.  The 
impact  calling  forth  elastic  force  from  ball  and  block,  the  former  will  be 
thrown  up  along  the  inclined  plane ;  but  the  extent  of  this  movement,  or 
whether  it  occur  at  all,  will  depend  upon  the  dimensions  and  velocity  of  the 
wave  itself  (resolved  into  the  line  of  movement  on  the  inclined  plane)  and 
upon  the  elasticity,  &c.  of  the  ball  and  block.  These  we  have  no  occasion 
to  pursue  further:  the  actual  movements  of  these  bulls,  B^  and  B^,  how- 
ever, will  be  found  recorded  in  time  also,  by  their  own  pencil* tracers  on  the 
cylinder ;  but  the  only  indication  that  concerns  us,  is  the  first  instant  of 
broken  contact,  as  already  explained. 

A  single  seismometric  observatory,  such  as  has  been  now  described,  set  up 
within  a  given  region  of  disturbance,  is  capable  of  giving  the  elements,  neces- 
sary for  the  calculation  of  the  position  of  the  seis^mic  focus,  but  without  the 
power  of  controlling  the  accuracy  of  the  results,  except  in  so  far  as  coinci- 
dent repetitions  may  confirm  or  refute  them.  But  if  three  such  seismome- 
tric observatories  be  set  up  within  the  region  chosen,  in  positions  that  shall 
form  the  angles  of  a  triangle  with  respect  to  each  other,  at  moderate  distaiiCes 
apart  (from  15  to  SO  miles),  and  these  be  all  connected  by  galvanic  wires, 
so  that  the  whole  of  their  records  shall  be  made  upon  a  single  paper  cylinder, 
moved  by  a  single  clock  in  one  of  the  three  observatories,  we  then  have  a 
further  control,  and  an  independent  method  of  obtaining,  both  the  hori- 
zontal component  of  direction,  and  the  surface-velocity,  from  which,  by 
methods  yet  to  be  stated,  the  depth  of  origin  may  be  calculated  without 
direct  ascertainment  of  the  vertical  component  in  Z.  The  cylinder  must  in 
this  case  carry  twelve  pencil-tracers,  four  leading  from  each  observatory. 

This  leads  us  to  the  second  and  somewhat  simpler  form  of  seismometer 
proposed  by  me,  and  shown  in  figs.  4, 5, 6  and  7  (of  Plate  XV.).  In  some  re- 
spects, the  principles  of  this  instrument  are  the  same  as  of  that  just  described : 
like  the  former,  it  is  a  double  instrument,  each  instrument  having  two  move- 
able balls;  but  their  action  is  different.  Fig.  4  represents,  in  elevation,  one 
of  these  instruments  (let  us  suppose,  that  N.  S.)  as  seen  looking  eastward, 
and  the  upper  part  of  which  is  seen  in  plan  in  fig.  5.  ss  h  the  floor  of  the 
observatory  within  which  the  two  similar  instruments  are  placed.  ^^  is  a 
shallow  and  flat-bottomed  dish  or  basin  of  some  feet  in  diameter,  and  about 
nine  inches  in  depth,  formed  by  a  circular  wooden  curb  or  rim  secured  to 
the  floor. 

In  the  centre  of  this,  there  stands  up  vertically  a  very  stiff  pillar  or  upright, 
rigidly  secured  into  the  floor,  and  which  may  be  either  of  hard  stone,  hollow 
cast  iron,  or  of  hard  wood,  but  best  of  the  second.  Its  upper  end  is  formed 
of  wrought  or  cast  iron  in  the  form  shown ;  and  into  it  are  secured  the  vertical 
supports  of  hardwood,  5,5,  which  are  placed  with  their  parallel  and  vertical 
axes  in  the  plane  of  the  meridian  or  at  right  angles  thereto,  and  are  prepared, 
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),  upon  their  upper  ends,  which  are  tlighthj 
■  surface  of  tbe  balls,  as  seen  at  full  size  in 
fijt.  7.  The  balls,  when  in  this  pmltion,  rt-st  against  and  are  steadied  by  ihe 
hollow  stop  over  the  uxis  af  tlie  vertical  pillar,  b  in  ligs.  4,  5,  and  6. 

The  balls  may  be  common  cast-iron  caonoo  shot,  chosen  of  good  sphe- 
rical form  and  of  equul  weight ;  and  each  ball  is  iu  metallic  connexion  at  one 
point  uf  its  surrnce  with  a  galvanic-circuit  wire,  of  which  il  Torms  one  pole, 
marked  e  t, — the  supports  j,  *,  and  the  stop  6,  being  all  of  hard  wood  or  other 
insulating  material,  as  pottery  or  glasH.  The  height  of  the  central  column 
should  be  such,  that  the  centre  of  gravity  of  each  of  the  two  balls,  when  on 
their  supports,  may  be  some  subniultiplc  of  32  h-^g  (say  8  feet  =-.j),  for 

facility  of  calculation. 

The  shallow  basin  tt  is  subdivided  in  two  fiemt-circuUr  iteparale  areas,  by 
a  wood  division,  d,  equal  in  depih  to  the  outer  rim,  this  division  crossing  in 
the  diameter  which  lies  at  right  angles  to  the  plant-  of  the  supports  «, «, — i.  e, 
being  east  and  west  for  the  north  and  south  balls,  and  vice  vend  in  the  other 
instrument.  Each  segment  of  the  shallow  btisin  is  lined  within  its  outer  rim 
and  bottom  with  sheet-lead,  which  is  at  one  point  of  each  in  metallic  con- 
tact with  the  other  pole  of  the  galvanic  circuit  marked  E^— . 

The  two  segments  of  the  dish  are  tilled  up  to  the  level  of  the  surround- 
ing rim,  with  a  bed  of  damp  sand,  pressed  uniformly  and  "struck  off"  level 
to  the  rim  by  a  straight  edge,  so  as  thus  to  present  a  uniform  bed  9  inches 
deep,  the  balls  B,  B^  being  6  inches  in  diameter  and  8  feel  above  it.  While 
the  instruments  (i.  e.  that  N.S.  and  E.W.)  are  thus  prepared,  the  galvanic 
circuit  remains  constantly  broken^  the  poles  formed  by  the  balls  being  in- 
sulated from  the  other  pules  formed  by  the  sand-beds,  the  lead  lining,  &c. 
Suppose  now,  in  fig.  4>  an  earth  quake- wave  to  emerge  from  S.  to  N.  in  the 
direction  of  the  arrow  ;  the  ball  I^,  is  left  bt/tind  as  in  the  former  instrument, 
topples  off  its  slender  support  a,  and  commences  to  fall  to  the  surface  of  the 
sand.  The  moment  il  strikes  the  sand,  it  makes  contact  with  its  own  circuit, 
and  as  the  time  of  its  fall  can  be  exactly  calculated  and  is  constant  (neglect- 
ing the  small  resistance  of  the  air),  this  ball  (as  before)  marks  the  precise  mo- 
ment of  Ihe  arrival  of  the  shock  at  the  instrument.  The  other  ball  B  is 
urged  forward  by  the  movement  of  the  whole  instrument  in  the  direction  of 
the  arrow,  or  that  of  the  wave's  emergence,  being  supported  by  »  and  b,  until 
the  instrument  acquires  its  maximum  velocity  v  as  before.  This  ball  is  then 
thrown  off  from  its  support  with  this  velocity,  and,  describing  a  small  trajec- 
tory in  air,  falls  to  the  bed  of  sand,  and  in  its  turn  makes  contact  with  its  own 
galvanic  circuit.  The  ball  partially  buries  itself  in  the  damp  saud  at  the 
spot  it  falls  upon,  without  change  of  position  from  any  elastic  effort,  all  such 
being  absorbed  by  the  "  deadnessi  "  of  the  satid.  If  the  shock  has  been  in 
the  plane  of  the  meridian,  the  place  where  it  shall  land  on  (he  sand-bed  will 
also  be  in  that  plane,  say  at  B'. 

Then  the  horizontal  distance  from  the  centre  uf  its  support  s  to  the  centre 
of  the  bidl,  measures  the  horizontal  component  of  the  velocity,  this  space 
being  described  by  it  during  the  time  of  its  descent  through  eight  feet.  The 
difference  in  time  (as  .'^hown  upon  the  ruled  paper  by  the  pencil -tracers  and 
clockwork  as  before)  between  the  instant  of  Rj  and  of  B  leaving  their  sup- 
ports, is  almost  exactly  ^=  -,  or  half  the  liiiii^  of  tiic  wave. 

The  same  explanations  will  apply  to  the  other,  or  E,  and  \V.  instrument; 
and  if  the  azimuth  of  emergence  6  be  somewhere  between  N.  S.  and  E.W., 
all  four  balls  will  be  displaced,  and  the  ohliquit;/  o/"/Aroir  of  each  of  the  balls 
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B  (N.  and  S.)  and  B  (E.  and  W.)  from  their  respective  cardinal  and  ver- 
tical planeSy  will  indicate  the  actual  azimuth  of  the  horizontal  component  of 
the  earthquake  wave — giving  this  indication  in  two  ways,  each  controlling 
the  other, — viz.  by  direction  of  throw  as  stated,  and  by  distance  of  horizontal 
tnyect,  which  will  be  proportionate  to  sine  and  cosine  6. 

The  stop  bf  it  should  be  remarked,  is  hollowed  at  contact  with  each  ball, 
ao  as  to  embrace  90°  of  its  horizontal  great  circle ;  so  that  in  case  6=s4^° 
from  the  meridional  or  the  E.  and  W.  planes,  the  balls  cannot  slip  aside,  but 
must  be  thrown  in  the  same  direction,  the  extreme  angles  of  the  stop  then 
passing  through  the  plane  of  motion  and  centre  of  gravity  of  the  balls. 

Figs.  5  and  6  show  in  plan  the  relative  positions  of  the  N.  8.  and  E.W. 
instruments,  the  upper  portions  alone  being  represented,  and  not  at  the  ne- 
cessary distance  apart. 

These  instruments  singly,  then,  give  us  the  velocity  of  the  wave  and  its 
direction  in  azimuth  with  considerable  accuracy  ;  but  their  full  value  would 
only  be  ensured  by  placing  three  such  seismometers  within  a  given  district 
(as  already  stated  for  the  former  instrument)  and  connecting  them  all  by 
galvanic  wires,  so  that  the  indications  of  the  three  shall  be  recorded  by  a 
single  clock  register.  We  then  have  the  time  of  arrival  of  the  shock  at  each 
seismometer  given  with  perfect  accuracy,  from  which  both  its  horizontal 
velocity  and  azimuth  may  be  computed;  and  the  relative  positions  and 
distances  apart  of  the  several  seismometers  being  known,  the  true  direction 
of  emergence  of  the  wave,  and  the  point  of  the  surface  vertically  over  the 
origin,  and  the  depth  of  the  focus  itself  may  be  computed.  The  two  following 
methods  of  computing  these  are  due  to  Professor  Haughton,  of  Trinity 
College,  Dublin,  who  communicated  them  to  the  Geological  Section  of  the 
British  Association  at  Dublin,  on  the  occasion  of  this  report  being  read,  and 
from  whom  I  have  received  them  for  publication  here. 

The  determination  of  the  "  coseismal  line" — a  term  first  used  by  me  at  the 
suggestion  of  Sir  John  Herschel,  to  signify,  the  crest  of  the  simultaneously 
emergent  earth- wave  upon  the  earth's  surface  at  any  moment  of  its  progress 
— IS  the  9ame  thing  as  determining  the  direction  of  its  motion  on  the  surface, 
a  horizontal  tangent  to  the  coseismal  line  at  any  point  being  always  ortho- 
gonal to  the  direction  of  motion. 

Given  the  Times  of  an  Earthquake  Shock  at  three  places,  to  determine  its 

Horizotttal  Velocity  and  Coseismal  Line. 


Let  A,  B,  C,  denote  three  stations  at  which  the  time  of  arrival  of  the  earth- 
quake shock  is  determined  by  the  seismometers  or  other  means,  and  let 
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a,  b,  e,  denote  the  distaiicrs  bctaeon  lliem  i  \H  v  dciiolc  the  unknown  liori- 
Kontsl  vdocity  ;  and  let  «  deiiut«  thf  unknown  angle  mode  by  the  coseismal 
line*  xAx.y  By,  »ilh  ihf  line  A  B  joining  the  6rst  livu  Rtaliona;  an<l/,,r„f, 
be  the  (iiues  of  Ihe  ob-ierfed  shock  at  A,  B,  C,  respectively. 
Lettiui;  full  the  perpendiculars  p  and  q,  we  find, 


,    JL-     '■■"♦    .... 
i.-l,      1,-1, 

■     (0 

7         a  ,iii  (B-4>) 
1,-t,              !,-<, 

•     •    (8) 

Equaling  these  two  values  nf  v,  we  find 

■■('a-',)«in»=<i(',-'i)'i"  ("-*)■ 

Expanding,  and  wilving  for  tan  *,  we  finally  obtain 

,.„,._              .(^-.,).inB 

.      .     ^3^ 

ff«n^ 


Having  found  4  by  niean»  of  this  equation,  wc  can  then  det 
either  (I)  or  (2). 


Givm  the  tTorizuillal  Feloeit^  of  nn  Earthquake  at  any  two  poinlx,  and  itt 
abxolute  tt'Uicity ;  lo  find  the  patilion  of  the  foi:u»  from  which  it  hat 
proivrrifd. 


I 


Let  A  and  B  be  the  jiointa  under  consideration,  and  for  simplicity  suppose 
them  to  lie  at  opposite  sides  of  the  unknown  focus  F,  and  in  the  came  vertical 
plane  passing  through  F.  ^These  suppositions  are  only  made  to  simplify  the 
figure,  but  do  not  in  anyway  diminish  the  generality  of  the  result] 

Let  AX  be  the  space  niiived  through  on  the  surface  of  the  ground  at  A 
in  the  unit  of  time,  ami  eoual  v  the  horixontal  velocity,  and  let  BY  be  the 
velocity  at  B  and  equal  v  ,  Letting  fall  the  perpendiculars  AP  and  BQ; 
PX  and  QY  will  denoie  the  spaces  described  by  the  earthquake  in  a  radial 
direction  (FX  or  FY):  they  are  therefore  equal  and  eacli  is  the  absoluU 
velocity  of  the  earthquakes  V.     Hence 

co3  AXF=- (I) 

coaRYF=^^ (2) 

Thurcforc  since  v,  v,  V  are  all  known  quantities,  the  angles  A  X  F  and 
B  Y  F  are  niso  knoHn.  iind   therefore  tlip   liins  X  V  and  Y  F  may   be  drawn. 
and  their  intersection  F  will  give  the  required  position  of  the  focus. 
Corol.  1.    If  the  position    of  the  point  (>,  at  Ihe   surface,   from   which    the 

earthquake  npyicar,<  lo  radiate,   be  known  ;    one  velocity  will 

determine  tlie  depth  of  the  foeus. 
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Corol.  2.  Independently  of  any  diminution  in  the  absoltUe  velocity  of  the 
earth-wave,  the  apparent  horizontal  velocity  will  diminish  rapidly, 
approaching  indefinitely  the  limit  V.  This  is  evident  from  the 
geometrical  considerations  arising  from  the  fact  that  PX  is 
always  equal  to  QY. 

It  is  obvious,  then,  that  by  the  establishment  of  these  very  simple  and  in- 
expensive seismometers,  and  connecting  them  galvanically  (as  respects  their 
registration)  by  methods  now  become  both  familiar  and  simple,  we  may  get 
good  first  approximations  to  one  of  the  most  important  questions  of  the 
physics  of  our  globe — a  knowledge  of  the  depth  from  which  earthquake 
impulses  arrive. 

Simple  and  inexpensive,  however,  as  the  apparatus  recommended  is,  its 
establishment  in  the  only  way  in  which  it  can  be  of  much  real  use,  namely 
by  connected  distant  stations,  involves  the  choice  of  seismic  areas  fitted  for 
the  purpose,  and  the  support  and  aid  of  governments,  if  not  for  outfit,  at 
least  for  appointment  of  observers,  and  police  protection  of  stations  and  wires. 
It  is  to  be  hoped  that  even  these  may  not  be  withheld  as  the  advancing  know- 
ledge of  the  importance  to  physical  geology  of  seismic  research  becomes  better 
understood  and  diffused.  Meanwhile  a  still  simpler  form  of  rough  seismo- 
meter, suited  to  the  resources  of  distant  and  isolated  observers,  may  be  with 
advantage,  perhaps,  pointed  out, — and  also  an  indirect  method,  by  which  the 
depth  of  earthquake  origin  may  be  approximated,  without  the  use  of  seismo- 
meters of  any  sort  The  form  of  seismometer  about  to  be  described  is  most 
applicable  to  seismic  districts  where  the  angle  of  wave-emergence  is  not 
steep,  t.  6.  where  the  shocks  are  usually  nearly  horizontal. 

If  any  homogeneous,  parallelopiped,  or  rectangular  prism,  standing  on 
end,  upon  a  level  surface,  be  upset  by  its  own  ineilia,  the  supporting  sur- 
face being  suddenly  moved  beneath  it,  in  the  direction  of  its  own  plane  (as 
by  the  horizontal  component  of  an  earthquake  shock),  it  may  be  shown 
that  the  velocity  of  the  surface  must  be 


„      4     / 7-    /I— cosex 


where  a  is  the  altitude  of  the  solid,  b  its  diameter  of  base,  and  0  the  angle 
formed  by  the  side  and  a  line  drawn  through  the  centre  of  gravity  to  the 
extremity  of  the  base,  and  V*=2^A. 

This  velocity  is  independent  of  the  density  or  material  of  the  solid, 
because  the  oversetting  force,  being  its  own  inertia,  is  always  proportionate 
to  the  density.  With  a  given  velocity  V,  therefore,  it  is  possible  to  as- 
sign the  dimensions  a  and  b  such,  that  it  shall  he  just  overset;  and  with 
this  velocity  another  solid,  having  0  greater,  shall  remain  unmoved, — as- 
suming always  that  friction  upon  the  supporting  surfuce  gives  sufficient 
adhesion  to  cause  the  solid  to  upset,  and  not  to  slide  (partly  or  wholly) 
without  upsetting. 

If  in  place  of  a  square  prism  like  a  wall,  the  solid  be  a  right  cylinder,  such 
as  a  pillar,  the  diameter  of  whose  base,  as  before,  is  b  ;  then 

and  from  this  very  simple  expression  for  the  horizontal  velocity,  for  which  I 
am  indebted  to  my  friend  Professor  Haughton,  it  is  easy  to  construct  a  seis- 
mometer of  the  greatest  simplicity,  that  (in  the  absence  of  better  means) 
shall  give,  within  a  narrow  limit,  the  actual  velocity  of  shock. 

1858.  H 
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Let  there  be  conttrucled 


His 


M'lve  ii 


of  right  cylinders,  say  each  set, 
number,  all  of  ei|u]il   bHglit  (a)  unu  tit'  the  same  sort  of 


i;rlal,  but  varying  in  iJinmi-ter  in  each  set,  with  a  uniforin  decrement 
from  ttie  greatei^t  to  the  leiul. 

Convenieut  dimenBioDs  for  earthquake  ubsurvalious  of  mean  intensity,  will 
be  such,  that  the  cylinder  of  largest  diameter  ahull  have  its  altitude  ei|ual  to 
three  diameters,  or  b=%  and  that  the  eylinderof  least  diameter  shall  have 

its  diameter  one-third  of  that  of  tlie  greatest  one,  or  6=2"     '^"^  number  o 

cylinders  of  intermediate  diameters  may  be  interpolated  between ;  and  the 
greater  the  number,  the  more  accurate  the  instrument  beeomes.  A  series  of 
six  to  ten  in  each  set  will,  however,  be  sulficient  for  any  purpose.  For 
observation  of  shocLs  of  eatreme  violence,  larger  diameterB,  in  proportion  (o 
altitude,  should  be  chosen  for  all  the  cylinders. 

The  material  of  the  Cylinders  is  not  important,  cast  iron,  Btone,  pottery,  or 
other  substances  at  hand,  whose  arrites  will  not  crumble  away  by  being 
overthrown,  may  be  used ;  but  no  material  will  be  found  more  convenient 
than  some  hard  heavy  wood,  of  uniform  substance,  straight  grain,  and  equa- 
ble specific  gravity,  from  which  the  cylinders  can  be  formed  in  the  lathe, 
and  their  bases  brought  perfectly  square  lo  the  nsis  with  facdity. 

Upon  any  horizontal  and  solid  floor  let  two  planks  be  placed,  as  iu  fig.  6, 

with  (heir  directions  in  length  respectively  lying  N.  and  S.  and  E.  and  W^ 

Fig.  6. 


I 


each  plank  to  be  about  :t  inches  in  thickness,  and  in  width  equal  to  the  dia- 
meter of  the  lui^rst  cylinder,  and  its  length  such  that  the  set  of  cylinders, 
when  placed  upright  and  equidistant  thereon,  shall  have  a  space  greater  than 
the  alliUidi!  between  each.  Thus,  if  tlie  cylinder  of  largest  diameter  have 
li=0-5  of  a  foot,  the  length  of  plank  Mill,  for  a  set  of  six,  as  in  the  figure, 
be  about  12  feet.  These  base-planks  bmi^Jixed,  level,  and  solid,  the  floor  is 
to  be  levflled  up  to  their  upper  surfaces  with  dry  sand,  and  the  two  sets  of 
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cylinders  adjusted  to  their  places,  one  set  running  in  an  east  and  west,  and  the 
other  in  a  north  and  south  direction,  so  that  in  whatever  direction  the  hori* 
zontal  component  of  shock  may  move,  the  overthrown  cylinders,  of  one  or  the 
other  set,  shall  fall  transversely  to  the  lengths  of  either  of  the  plank  bases,  and, 
lodging  on  the  sand-bed,  remain  exactly  in  the  position  as  to  azimuth  in  which 
they  were  overthroton.  If  now  a  shock  of  any  horizontal  velocity  capable  of 
overthrowing  some  of  the  cylinders,  but  not  all  of  them,  arrive,  it  will  throw 
down  at  once  all  the  narrower  ones,  and  up  to  a  certain  diameter  of  base. 
For  example,  suppose  a  N.  and  S.  shock,  of  such  velocity  as  to  overthrow 
W  6,  W  5,  and  W  4,  leaving  W  55,  W  2,  and  W  1  standing ;  then  V  will 
have  been  greater  than  the  velocity  due  to  the  overthrow  of  W  4,  and  less 
than  that  due  to  the  overthrow  of  W  S,  and,  within  those  limits,  may  be 
found  from  the  preceding  equation.  The  cylinders  here  overthrown,  W  6, 
W  5,  and  W  4,  will  be  found  with  their  axes  lying  N.  and  S.,  at  rest  upon 
the  Kand-bed.  The  cylinders  N  6,  N  5,  and  N  4,  will  be  also  overthrown ; 
but  in  this  case  they  will  fall  in  the  line  of  their  own  plank  bases,  and  may 
roll  and  so  give  no  indication  as  to  direction  of  shock  in  azimuth.  Hence  the 
necessity  for  two  sets  of  cylinders ;  one  set,  however,  will  be  sufRcient,  if 
space  enough  be  provided  between  the  cylinders,  and  if  each  be  placed 
upon  a  cylindrical  and  separate  basis  of  a  diameter  equal  to  its  own,  and  in 
height  equal  to  the  depth  of  the  sand-bed. 

This  form  of  instrument,  then,  is  capable  of  giving  approximate  deter- 
minations of — 

1st  The  velocity  of  the  horizontal  component  of  shock,  neglecting  the 
vertical  component,  which  may  be  done  where  the  angle  of  emergence  is  not 
great. 

2nd.  l*he  azimuthal  direction  of  the  horizontal  element  of  shock. 

3rd.  Its  absolute  direction  of  primary  movement,  viz.  the  direction  of 
translation  of  the  wave,  which  always  coincides  with  the  direction  of  mole- 
cular movement  of  the  elastic  wave  itself,  in  the  first  half  of  its  complete 
phase:  e.  g.^  if  the  wave  show  a  N.  S.  azimuth,  by  the  line  of  direction  of  axes 
of  the  overthrown  cylinders,  and  these  be  thrown  to  the  northward,  then  the 
wave  has  traversed  from  S.  to  N. 

4th.  The  exact  time  of  the  transit  of  shock  may  be  also  indicated  if  the 
narrowest  cylinders,  N  6  and  W  6  be  connected  with  a  clock,  so  as  to  stop 
it  at  the  moment  of  overthrow  by  the  very  simple  means  which  I  have 
pointed  out  in  the  *  Admiralty  Manual'  (art.  *'  Earthquake,"  sec.  vii.,  p.  208, 
2nd  edit.),  inasmuch  as,  by  hypothesis,  the  narrowest  cylinders  will  be  always 
overthrown. 

A  single  cylinder  or  prism,  however  entirely  distinct  from  either  seismo- 
metrical  set,  and  of  even  less  stability  as  respects  shock,  may  be  with 
advantage  adopted  as  the  means  for  stopping  the  clock  by  the  above  method, 
which  is  capable  of  giving  the  time  to  within  0*1  of  a  second. 

It  is  obvious  that  the  application  of  the  principles  involved  in  this  form 
of  seismometer  to  observations  made  upon  the  recent  overthrow  of  walls, 
columns,  or  other  such  objects  to  be  found  in  regions  which  may  have  been 
visited  by  earthquakes,  is  capable  of  giving  also  approximate  measures  of 
velocity  and  direction  of  shock.  This  class  of  seismic  observation  will,  I 
hope,  be  foi^nd  more  fully  developed  elsewhere. 

In  conclusion,  one  other  method  of  indirect  seismometry  remains  to  be 
explained,  which  does  not  require  the  aid  of  any  seismometric  instrument. 
iFfae^^acts  upon  which  this  method  depends  have  been  alluded  to  in  the  Re- 
port on  Earthquakes  of  1850,  p.  85.  It  has  been  long  observed  that,  in 
extensive. surf 9Lce»  of  country  that  have  been  exposed  to  ^e  effects  of  shock, 
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certain  zones  or  areas  uf  surrac^,  mnre  or  le»ft  irregular,  prt'sent  tliemiclTes, 
nithin  whifh  the  dcsiructive  flt'ecL'^  upnii  biil1(linf;.s  nnd  other  objects  capable 
of  overthrow  are  nianirestpil  much  more  inlen^elj,  than  upon  siniilar  objects 
situated  upon  other  portions  of  the  auperticiex  ol'  the  couniry.  Tbestr  zones 
of  maxiiDum  disturbance  (as  jet  ill  observed)  have  been  remarked  to  run  in 
curvilinear  directions  of  aurfacc,  to  approach  more  or  Ibm,  according  to  the 
means  of  (i.  e.  the  objects  afibrded  for)  observation,  to  doted  curves,  and  to 
be  wholly  distiuct  from  those  variations  of  destructive  agency,  irregularly 
famerni  over  large  shaken  areas,  which  depend  upon  differences  of  geologic 
surface' formation,  configuration  of  country,  &c.,  construction  of  buildings, 
and  many  other  conditions,  which  modify  the  direction  and  effects  of  the 
shock  at  points  often  very  little  removed  from  each  other,  and  the  analysis 
of  which,  and  extrication  of  the  true  primary  movemi'nt  from  the  entangle- 
ment of  such  minor  phenomena,  constitute  the  gi-eatest  difficulty  of  earth- 
qaake  observation.  The  physical  conditions  which  give  riee  to  such  zones 
of  maxim um  disturbance  are  euily  explained. 
Fig.  7. 


Referring  to  Rg.  7,  let  A'  k  be  the  horizoti  (which  we  may  i 
right  line)  cut  by  a  vertical  plane  passing  through  a  great  circle  of  the  earth, 
and  through  A,  the  centre  of  impulse  of  the  earthquake.  The  blow  from 
this  origin  is  propagated  outwards  in  all  directions,  through  the  elastic  mass 
of  the  earth  (here  assumed  homogeneous),  in  spherical  concentric  shells, 
which  the  circles  1,  2,  3,  +,  Sec.  denote,  at  similar  phases  of  the  wave.  The 
elastic  wavL-  starts  from  the  impulse  with  one  normal  and  two  transversal 
vibrations.  Its  vii  viva  must  remain  constant,  and  (in  the  same  medium  its 
dimensions  being  very  great)  the  velocity  of  translation  also.  The  mass  in 
wave-movement,  at  any  moment  of  its  transit,  is  therefore  the  same,  and  the 
thickni'Sii  of  each  successive  spherical  shell  decreases  from  the  centre  of  im- 
pulse as  the  square  of  ib;  mean  distance.  This  is  the  measure  of  the  normal 
excursion  of  any  particle,  frotn  imy  piven  |thase  of  the  wave,in  its  passage  nut - 
wards,  to  the  recurrence  of  the  same  phase,  and  is  also  the  measure  of  the  nor- 
mal intensity  of  ihesh.ick,  orthat  indirections  AB,  .AC,  AZ,  &c.  Neglect- 
ing fur  tlie  |iresent  the  eHi'cts  of  tlic  transversal  wave,  the  normal  intensity  or 
tiirpcl  cncTtlinnving  power  of  an  earthquake  shock  varies  inversely  as  the 
square  of  the  distance  from  origin.     But  the  surface  capability  of  the  shock 
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to  overthrow  buildings,  &c.  depends  not  only  upon  its  intensity,  but  upon 
the  direction  of  its  movement  with  respect  to  the  horizon.  A  shock  per- 
fectly vertical  has  no  tendency  to  overturn  the  walls  of  a  house,  though  it 
may  bring  down  the  roof  or  floors.  Now  it  is  obvious  from  the  figure, 
that  as  the  wave  passes  outwards  from  the  origin,  A,  it  reaches  the  earth's 
surface  vertically  at  B,  the  point  in  the  prime  vertical,  pA,  directly  over 
the  same ;  and  that  as  it  travels  outwards,  it  emerges  at  the  surface  with 
angles  more  and  more  nearly  horizontal ;  the  angle  of  emergence  being  the 
same  at  all  points  of  any  coseismal  line,  all  such  lines  being,  on  the  as- 
sumption of  homogeneity,  concentric  circles  round  B  (like  those  upon  a 
pond  into  which  a  stone  has  been  thrown). 

So  far  as  the  direction  of  wave  motion  is  concerned,  therefore,  its  power  to 
overturn  buildings  is  greater  the  further  it  has  travelled,  or  the  greater  the 
radius  of  the  coseismal  circle  from  B ;  but  its  energy  has  been  shown  to  be 
inversely  as  the  square  of  the  distance  (not  upon  the  earth's  surface,  but  in 
the  normal).  Hence  it  follows  that  there  must  be  some  given  distance  upon 
the  surface  around  B  at  which  the  combined  effect,  of  most  advantageous 
direction  and  lessened  energy,  shall  produce  the  most  destructive  effects 
upon  buildings,  &c.,  or  a  point,  C,  intermediate  to  B  and  Z,  or  Z'  supposed  at 
any  indefinite  distance,  at  which  the  shock  will  be,  in  this  respect,  a  maximum. 
The  radius  BC  will  then  describe  a  coseismal  circle  upon  the  earth's  sur- 
face, which  will  be  a  zone  of  maximum  disturbance. 

Conversely,  if  we  can  trace  by  observation  of  the  shaken  country  such  a 
zone,  or  ascertain  three  points  in  its  circle,  we  can  find  the  centre  of  the 
circle  or  the  point  B,  which  is  plumb  over  the  centre  of  impulse  beneath ; 
andif  we  have  ascertained  the  angle  of  emergence  that  produces  the  maximum 
effect  (and  which  is  a  constant),  we  can  then  calculate  the  depth  of  the  centre 
of  impulse.  A,  beneath  the  earth's  surface. 


Fig.  8. 


Referring  to  fig.  8,  let  A  be,  as  before,  the  centre  of  impulse ;  B  the 
point  upon  the  earth's  surface  (supposed  a  plane),  in  the  prime  vertical  pAf 
directly  above  it.  It  is  required  to  find  a  point,  C,  at  which  the  horizontal 
overthrowing  effects  of  an  impulse  in  the  direction  AC,  whose  intensity 
varies  inversely  as  the  square  of  the  distance,  shall  be  a  maximum. 

Produce  AC  to  d^  and  complete  the  parallelogram  of  forces,/  d  being 
parallel  to  the  horizon* 


RRPORT — 1858. 

BA=a,  the  depth  of  origin  ; 

BC=f,  the  radius  where  the  horizontal  force  ii 

AC  =  the  normal  due  to  this  radiun. 

The  angle  Cde=BAC=B. 


Then  the  force  at  C  ii 
tion  of  the  horizon  la  siu 


1 


^a^+r'  X 


a  msKimutn. 


Differentiating,        {a'  +  r')' X(fr—Kfl'+r')*x  21^=0- 

The  angle  CAC  ia  therefore  very  nearly  70"  31'  43",  which  is  the  angle 
of  the  cone  whose  base  in  the  horizontal  plane  limits  the  Kone  of  niaximuui 
disturbance ;  and  as  the  angles  at  B  are  right,  the  angle  of  emergence 
nCA=54"  W  9",  and  the  sides  of  the  triangle,  BC  :  BA  :  AC,  are  to  each 
other  in  the  ratios  of  _         _ 

1  :  v'2  :  v's. 
Hence  we  arrive  al  (he  very  simple  practical  rule. 

Having  found  the  coseismal  zone  of  maximum  disturbance  by  obiervation, 
or  three  points  in  it,  and  the  centre  of  the  circle  pasiiing  through  them,  the 
depth  below  the  surface,  of  the  origin  or  centre  of  impulse,  will  be  the  dia- 
gonal of  the  square  whose  side  is  equal  to  the  radius  of  the  given  circle. 

Within  certain  approximate  limits,  then,  the  application  of  this  rule  is 
capable  of  giving  some  information  upon  that  great  object  of  research,  to 
which,  above  all  others,  seismological  investigation  points,  namely,  the  depth 
beneath  our  surface  from  which  such  impuWs  reach  us, and,  by  con8equence, 
that  at  which  ac^ve  volcanic  forces  are  in  operation  within  our  planet. 

This  method  can  scarcely  be  applied  in  very  mountainous  regions,  unless 
both  mountain- formations  and  seiiimic  energy  be  developed  upon  a  grand 
ecale,  as  in  iMcxico  and  SoiilhAmerica  ;  and  in  every  case  the  observer  will 
find  himself  encumbered  and  perplexed  by  the  interference  of  many  minor 
circumstances  of  distnrbance  to  \\\asV  and  render  diHicult  his  observations. 
These,  howeviT,  shoulii  not  prevent  cur  bearing  ihe  method  in  mind  when- 
ever favourable  condilinns  present  themselves  for  its  use. 

In  the  present  Atate  o(  Ihe  theory  of  wave- move  mo  tits  in  elastic  solids,  it 
cannot  be  said  lo  be  experimentilly  certain,  that  the  energy  of  the  wave,  in 
the  normal,  docs  diminish  with  the  square  of  the  distance.  Another  view  of 
tlie  primary  conditions  of  its  motion  would  make  it  diminish  directly  as  the 
distance,  in  which  case  it  may  be  proved  that  the  angle  CAC'  of  the 
le  of  niasinjum  di-itiirbanco  will  be  !X)°  and  constant,  and  hence 
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that  the  depth  of  the  origin  (upon  that  hypothesis)  will  be  always  equal  to 
the  radius  of  the  circle  of  maximum  disturbance.  It  would  be  out  of  place 
here  to  enter  further  into  the  physical  discussion  of  this  question,  except  by 
referring  to  Herschel  (art.  "  Light,"  *  Encyc.  Metrop.*  vol.  iv.  paragr.  18. 
p.  578)  and  to  the  various  papers  of  Cauchy,  Wertheim>  Stokes,  Airy, 
Haughton,  and  Maxwell  on  the  subject. 

I  have  stated  that  in  the  preceding  investigation  the  effects  of  the  transver- 
sal wave  are  neglected.  In  the  observation  of  actual  earthquake  phenomena, 
this  may  probably  be  safely  done  as  respects  all  points  that  are  at  consider- 
able distances  from  the  centre  of  disturbance.  The  normal  and  transversal 
waves,  starting  at  the  same  instant,  appear  to  travel  with  unequal  velocities. 
They  part  company ;  and  their  distance  becomes  greater,  and  the  interval 
larger  between  their  arrivals,  the  further  they  have  both  travelled.  Were 
we  enabled,  therefore,  to  ascertain  the  precise  velocity  of  the  normal  wave, 
and  the  exact  interval  of  time  between  the  arrival  at  a  distant  point  of  the 
normal  and  transversal  waves,  we  could  still  by  another  method  arrive  at  the 
distance  from  which  they  had  come,  and  therefore  at  the  depth  of  the  origin 
of  impulse,  if  the  angle  of  emergence  at  one  point  were  known.  According 
to  Cauchy,  the  velocity  of  transit  of  the  normal  is  to  that  of  the  transversal 
wave  as  \/  3  :  1  in  media  of  unlimited  mass ;  and  Wertheim's  modified  for- 
mulae for  elastic  bodies  fix  it  as  2  :  1.  My  own  experimental  observations 
with  the  seismoscope  have  proved  to  me  that  the  separation  of  the  two  waves 
can  be  noticed,  and  the  interval  of  time  measured  upon  even  very  moderate 
ranges  of  wave-transit,  not  exceeding  a  few  miles ;  and  the  observations  of 
earthquake  shocks  indicate  that  one  cause  of  the  tremors  that  usually  succeed 
the  main  blow,  is  the  later  arrival  of  the  normal  wave,  whose  amplitude  at 
considerable  distances  from  the  origin  is  always  small. 

However  this  may  be,  it  is  certain  that  in  all  earthquakes  the  real  mis- 
chief and  overthrow,  at  places  pretty  far  removed  from  above  the  centre  of 
impulse,  are  done  by  the  blow  from  the  normal  wave,  which  appears  to 
come  first ;  hence  the  main  observable  effects  are  those  of  the  normal,  and 
we  are  justified  and  enabled,  in  such  loccditieSi  to  neglect  the  transversal. 
But  within  a  considerable  circle  of  area,  whose  boundary  is  evanescent,  and 
whose  centre  lies  at  the  point  B  (figs.  ?>  8),  right  above  the  origin,  the 
actual  effects  of  the  transversal  wave  are  very  formidable,  and  can  never  be 
neglected. 

The  ground  beneath  an  object  so  situated,  such  as  a  house  or  pillar  (as 
the  distance  from  the  origin  to  the  9urface  is  the  minimum  range  of  emer^ 
gence,  or  shortest  possible,  and  therefore  its  energy  the  greatest),  is  almost 
at  the  same  instant  thrown  nearly  vertically  upwards  by  the  normal  wave» 
and  at  the  same  moment  rapidly  forced  forwards  and  backwards  horizontally 
in  two  directions  orthogonal  to  each  other;  and  this  combined  movement, 
which  is  that  called  **  vorticoso'*  by  the  Italians  and  Spanish  Mexicans,  is 
one  that  nothing,  however  solid  and  substantial  in  masonry,  &c.,  can  long 
withstand. 

Hence  it  follows  that,  within  the  zone  of  maximum  disturbance  wh^ch  we 
have  treated  of,  and  occupying  its  central  region,  we  shall  always  find  an 
area,  more  or  less  circular,  also  of  great  overthrow  and  destruction,  though 
presenting  entirely  different  characteristics  as  to  the  manner  of  overthrow  of 
the  buildings,  &c.  This  middle  region  may  therefore  be  sought  for  as  a 
further  directrix'  to  the  point  B  over  the  centre  of  impulse.  It  may  be 
necessary  to  remark  that  this  combined  movement,  due  to  the  two  transver- 
sal waves,  and  limited  to  a  region  closely  above  the  prime  vertical  passing 
through  the  centre  of  impulse,  must  not  be  confounded  by  any  misconcep- 


tiun  of  the  phra«c  "  vortii^oso,"  with  that  faUe  notion  of  vorticoM  »hock, 
such  ns  was  presumed  to  have  twisted  the  Calabriaii  obeliaks,  &c.,  ibe  real 
nature  of  whose  diB{ilacem<-nt  1  iurticafed  in  I&t6.  (Trans.  Koy.  I.  Acad. 
vol.  xxi.  part  1.     See  al«t  1st  Rpport  Trans.  Brit.  Assoc  18.50,  pp.  33,  S4-) 

In  coDolu-iiin.  I  woutt)  repeal  my  convictioti  Ihnt  a  further  expenditure 
of  lubuur  in  earthquake  catalogues  of  the  character  bitijertii  uuiupileil,  and 
alone  possible  fnmi  the  data  to  have  been  compiled,  ix  now  a  waals  uf  acien* 
tific  limp  and  labour.  I'he  matu  work  presented  for  seinmologUtK  in  the 
immeiliate  future,  niuat  consist  in  good  obeervatioiis,  witii  seism nmeters  ad- 
vaDtaiJi-ouiily  placed  at  siiflii.-ii'ntly  distaDt  (Stations,  and  galvauically  connecti^d 
a»  to  lime ;  and  in  the  i-areful  observation  of  tlie  inices  lift  by  great  shocka 
(when  of  recent  occurrence)  upon  buildings  and  other  oliji'cis  artificial  and 
natural,  with  a  view  lo  dfterniining  the  nature  of  thi'  forces  thai  have  affected 
therU)  aided  by  the  resnurccs  of  the  plivaicist  and  maiijemiiticiiiii. 

Amung»t  the  unknown  regions  of  our  world,  as  respecla  the  recurrence  of 
earthquake  and  their  phenomena,  the  most  prominent  are  Central  Africa, 
Abyssinia,  Madagascar,  Norihern  Asia,  and  the  north-west  of  Nortb  Ame- 
rica. For  obsFrvutions  of  the  la«t,  the  new  settlements  nbout  being  formed 
at  Vancmver's  bland  will,  no  doubt,  off-r  great  facititicti.  as  well  as  future 
access  lo  tlie  great  Aleutian  chain  of  v«lcatit>ei  and  ihcir  seismic  zone. 

I  reserve  for  the  Appendix  a  few  obiter vations,  upon  great  sea  waves  and 
certain  ill-iindi-rsiood  pheJiomcna,  which  ciiuld  not  pyntfiuatically  find  place 
in  this  Reftort. 


APPENDIX. 


No.  I. 


i 


(p.  48.)  The  following  table  of  some  of  the  men  and  events  upon  which  the 

progress  of  humnn  knowledge  and  discovery  and  the  difftisioD  of  mankind  have 
depended,  imiy  sen'e  to  illustrate  the  rektions  that  theae  bear  to  the  expand- 
ing character  of  tho  catalogue : — 

Fards  for  ipreading  ships'  Bails  inrentcd 1200 

Silvermoiicj.— Anchors.— First  Bea  fight.,.. 700 

'  Anibor  and  (in  carried  bv  PluBnidans  from  the  Baftic  and  England  to  the  Levant. .  &*) 
Tlio  eounding-linc  used  a^sea-^Maps  in   use. — UultipUcstJon  tAble.— Moon's 

eolipsrs  cnlculaled, — PjlhaKoraa    500 

Trireme  giiUeja  in  UBp.^Tlie  burning-Ions  known  400 

War  ['liaria'H   in   OhuI, — Arrack   wouglit  from  Inilin  into  Europe. — Eleetricity 

notiia'd. — llenip,  cordage  (?),  and  sails  (?). — .Iristotlo  300 

Clrpsj'drii.-  -BiiUiiMie.— SilviT  coin  at  Homo,— The  olive— Cliinrse  wall.— Hannibol  200 
Luriillns  inlnxliuvs  rlcuiiuiii'  loap  from  Qaul — snl-aininoiijav  from  Eevpl. — Sular 

j^r  (lnuHl _.,  100 

Cliri.-t  Iwini,— S.Tic>n.— Slnilm.  '"■ 

First  «-B  vovniJi'  to  liidin,  proliubly 3 

Stain.'d-ijlnw  windows  -the  viin'-Saw-niilU— Monuchiani— idl  in  Ck-nimnj 3(10 

Tliu  W>-BliTii  Einpiru.— PutiUu  lights  nt  Antioch.— Church  U'lli   400 

The  ilark  ages  romnivnce. 

Franks  C1iristianixi-d.—lJilk-worma  in  Europe olX) 

Ho|w,—Qinll  pen9.—Dilin  disused. —Malioinet  1 , (JOO 

t'harlomagnc  names  the  dfljs  and  months    KOO 
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Date 

A.D. 

Oxford  and  Cambridge  Uniyenitiee. — First  book. — Alfired  the  Qreat 900 

Arabic  notation  in  Europe. — ^Wheel  clocks  in  use. — The  first  crusade 1100 

The  three  last  crusades. — The  sugar  cane  in  Sicily. — Coal  as  fuel. — ^The  corporation 

of  London. — ^The  Popish  inquisition. — Saladin  1200 

English  parliaments. — -English  in  our  law  courts. — Ghinpowder. — Cannon. — Mari- 
ners' compass. — Printing. — Engraying. — Oil  painting. — Coaches. — Roger  Bacon. 
—Wiclif.— Tamerlane    1400 

America. — Columbus's  four  Toyages,  from  1492-1504. — Cape  of  Gk)od  Hope. — 
Indian  Sea. — ^Vasco  di  Gkuna,  1499.— John  and  Sebastian  Cabot,  1497. — Public 
road  and  bridges  through  Western  and  Southern  Europe. — Luther. — ^The  Re- 
formation   .' 1500 

Logarithms. — ^Watches. — Barometer. — Telescope. — Mercator. — Italian  book-keep- 
ing. —  Jupiter's  satellites  discorered.  —  Copernicus.  —  Ckdileo.  —  Magelhaen's 
voyage,  1520.— Drake's  voyage,  1580    1600 

Rcml  Society.  —  Newton. — Sextant  —  Chronometers. — 6beenwich  Observatory. — 
Tea  into  Europe. —  Olive. — Penn. — South  Sea  Company. — Cod  and  herring 
fisheries. — Semaphore. — ^New  style  calendar 

Anson*s  voyage  (1744)    

Cook's  last  voyage  (1779)  

La  Pewuse  (1788)  

Vancouver  (1795)   

Watt's  steam  engine  (1796)  

Napoleon. — ^Nel«)n. — ^Embassies  to  China  and  Japan. — ^Vaccination. — Osb  lights. 
— Life-boatB.  —  Public  docks.  —  Public  coaches  and  diligences. — ^Newspapers 
abundant 

Steam  navigation. — First  steam-ship  *  Savana  *  crosses  the  Atlantic,  1819. — Rail- 
way system,  1820. — Electric  telegraph,  1830. — Law  of  tides — of  storms. — 
Oold  m  California — ^in  Australia 
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No.  U. 

(P.  57.)  From  the  interest  that  belongs  to  observations  of  earthquakes  in 
the  Southern  Hemisphere,  hitherto  so  seldom  recorded,  I  append  the  following 
extracts  from  the  letter  of  an  intelligent  friend,  referring  to  the  New 
Zealand  shock  of  1854-55,  written  very  soon  after  the  event.  The  writer  is 
a  civil  engineer. 

T?ie  New  Zealand  Earthquake. 

"  Wellington,  23rd  January,  1855. 
"  Whilst  sitting  reading  and  talking  at  8.50  p.m.,  I  felt  the  house  (which  had  been  shaking 
with  the  occasional  N.E.  gusts  so  usual  at  Wellington)  give  a  very  extraordinary  shake, 
which  seemed  to  continue,  and  was  accompanied  by  a  feanul  noise.     I  at  once  jimiped  up, 
rushed,  as  well  as  the  violent  motion  would  permit  me,  into  the  firont  garden,  the  motion 
increasing  in  violence,  accompanied  by  a  roanng  as  if  a  large  number  of  cannon  were  being 
fired  near  together,  and  by  a  great  dust  caused  by  the  falling  chimneys.  The  motion  at  first 
was  a  sharp  jerk  back  and  forwards  in  a  N.E.  and  S.W.  diroqtion,  increasing  in  extent  and 
rapidity,  until  I  got  into  the  garden — say  25  seconds ;  it  wafthen  succeeded  by  a  shorter 
and  quicker  motion  at  right  angles,  for  nearly  the  same  time,  still  increasing,  but  appearing 
to  be  perfectly  in  the  phme  of  the  horison.    This  was  followed  by  a  continuation  of  both, 
a  sort  of  vorticose  motion,  exactlv  like  the  motion  felt  in  an  ill-acyusted  railway  carriage 
on  a  badly-laid  railway  at  a  very  high  speed,  where  one  is  swayed  rapidly  from  side  to  si£. 
This  was  accompanied  by  a  sensible  elevatory  impulse;  it  gradually  subsided;  and  the 
above,  constituting  the  first  and  greatest  shock,  lastea  altogether,  I  should  say,  V  20"  or  H' 
at  Wellington.    The  earth  continued  to  vibrate  all  night  like  the  panting  of  a  tired  horse^ 
with  occasional  shocks  of  some  violence,  decreasing  in  frequency  and  violence  towards 
morning,  and  nearly  all  in  the  N.E.  S.W.  direction,  some  of  them  a  single  ierk  back  and 
forward  like  that  of  one  railwav  carriage  touching  another,  but  generally  they  were 
followed  by  a  vibration  gradually  decreasing.    These  lasted,  with  increasing  interveds,  until 
I  left  Wellington  on  the  1 1th  April.    For  the  first  week  after  the  first  shock,  the  vibration 
never  wholly  ceased.    All  the  brick  buildings  in  Wellington  were  overthrown,  or  so  injured, 
as  to  necessitate  their  removal ;  the  Hutt  Bridge  was  thrown  down ;  the  hill-sides  opposite 
Wellington  were  very  much  shaken,  as  evidenced  by  the  many  bare  patches  with  which 
they  were  chequered  fully  to  the  extent  of  one-third  of  their  surface,  whence  trees  had  been 


direction  of  rradLi  u>d  rid^  being  gB^^^^«llJ'  at  right  imgln  lo  (Jie  apparent  Una  of  force. 
Ji.E.  S.W.  The  strata  about  WeUiiigtjni  and  the  lUmatuka  ara  a  aort  of  sbole  and  cIbt- 
slate.  all  hroken  into  pieces  not  biggor  than  road-moUl.  witi  toUow  clay  jouiU  ;  luid  la 
places  where  tbo  overljiog  clyr  }iaa  been  cut  tlirough  by  roads,  oue  can  lee  Uie  orBrka 
caused  bj  former  earthquake*  fflled  up  by  a  dilTerent^oioured  msteriaL    I  should  luentiun 
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shaken  off;  tUe  range,  partjcularlj  ita  lower  portion,  aT^>esred  to  have  b„_  — 

ahaken.  It  is  cailled  tbe  Ejuiatuka  Hango,  a.ncl  dirides  Port  Sipholson  and  Ihe  hMin  of 
the  Hatt  from  thu  Wainunrapa  Valley,  where  tlie  earthquake  waa  felt  with  greater  vioteneo 
Ihnn  at  WeUington.  the  ground  liaiing  opeoed  in  many  plocca  8  or  9  feet,  and  sunk  in  one 
plaoe  for  3IK)  yards  square  to  a  di'plh  of  8  or  9  feet.  The  cracks  arc  «ery  frequent,  and 
ot  first  were  of  eoosidernbld  depth  (dL-emed  uni&tJiomahle,  be(.'ausa  people  ooiud  not  see 
tlieir  depth),  porliaps  15  or  2(1  feet  ia  depth,  and  extending  for  many  hundrod  yards. 
Ploughed  ground  and  mud,  dry  rivar-  or  pond-beds  were  tlirown  up  into  all  sort*  of  un- 
duJatiouB  lilia  a  short  cross  eeo,  the  ridgira  in  some  eases  2  feel  in  height,  tlia  provtuling 

ji..  _^- f  __._i J  ^j —  L.:__  _ ti — .  ^  _!.. 1__  ._  .1 — pparent  line  of  force. 

't  of  Bbale  and  clay- 
places  where  tbo  o 

caused  by  former «  ^     ^  _      ..  _     

the  great  sea-waTCwluch  cama  in  immedialolj  afier  the  first  shock,  about  5  feel  luglier  tluiD 
the  Iiigbeet  tide  inside  the  harbour,  and  13  feet  higher  outside;  the  tide  (■'■  e.  wal«r-sar(iOD} 
continued  ebbing  and  Oowing  eyD>rT  20  mimilee  during  the  ni^ht,  and  iru  moat  irregulv 
for  a  week,  ebbing  further  than  ETer  known  before.  After  that  time  it  becaine  more  regular ; 
and  now  the  ebb  and  flow  b  the  Mmc  aa  before  the  earthquake;  but  since  that,  it  doos  not 
oome  at  bigh-wator  within  3  or  4  foet  ot  ila  fotmor  height,  proving  that  the  whole  eouQi- 
«nk  part  of  the  nortbam  inland  baa  been  raised,  tjie  elevated  portion  oommeiiedng  at 
Wangaroor,  on  the  west  coael,  and  going  round  lo  Csalle  Point  on  tJie  east,  wlmre  it 
termiimtM,  Tlic  vertical  eleralion  ia  grealist  at  the  Rinmtuka  Bange.  outside  Fort  Nichol- 
son,  and  betumos  nil  at  the  abore-mentioaed  points.  The  shock  wsc  felt  at  Nelson 
almost  as  badly  ae  at  Wellington,  slightly  at  Canterbury  and  AJiorii.  It  was  most  violent 
on  the  aides  of  bills  at  those  plaa»,  and  least  so  in  (be  oentre  of  the  allurial  plaituL 

"The  great  shock  oontinual  at  any  one  point  longer,  the  further  it  had  diverged  from  its 
apparent  centre  of  action  opposite  WoUingtoin,  and  became  less  violeot,  ^la  motion  being 
slower  and  not  to  aueb  aneitent.  This  I  think  plainly  proves  (if  any  thing  were  wanting  to 
prove)  Mr.  Mallet's  wave  theory;  any  person  of  the  sughttat  pcrwpliDn  siperiendng  the 
ehoek  and  aDm]iaring  the  sluteinenti  of  perKins  who  had  felt  it  in  diS'ereaf  planes  oauld 
coiue  (o  no  other  nmcluaioD.  I  do  not  think  tiie  tbermomoter  or  banMneter  was  affected  ; 
I  had  no  opportunity  of  observing  mysalf ;  but  so  I  heard ;  nor  was  the  compasi  actoi  on 
mom  than  was  due  to  th«  moticn. 

"  The  caittain  of  the  vMsel  I  went  in  to  Ahurii  was  out«do  Port  Uvdiolson,  lying-to  in  a 
gale,  and  ifioiipht  hia  vessel  bad  atruok,  and  was  dragging  over  a  reef  of  rocka ;  the  ueil 
morning  ho  passed  huodreda  of  dead  fish  all  of  one  sort,  a  epccies  ot  ling,  whose  habit  it  la 
to  lie  on  the  bottom.  The  aJiook  was  also  folt  by  the  ■J.wepbino  Wiiljfl."  I!W  miles  off  the 
coast.  I  only  regret,  time  and  want  of  moons  prevented  my  making  more  accurate  obaer- 
vations,  and  oven  giving  you  those  I  did  make  m  greater  detail.  W.  C.  B." 

[Tha  direction  of  primary  ahook  mentioned  by  the  writer  ia  in  the  line  of  tbo  mountain- 
chain,  reaching  &om  the  interior  down  to  WelUngtoo,  and  also  in  that  pointing  to  Ton- 
guro  and  other  Tolcsnic  oones. — B.M.] 

No.  III. 

BIBLIOaRAPEy  OF  BABTIII^UAXES. 

At  the  period  of  publication  ot  the  Second  Kcport  on  Earthquakes,  it  wna 
my  intention  to  have  prepared  a  complete  liibliography  of  Earthquakee,  the 
want  of  some  aueh  index  having  been  much  felt  by  myself,  at  former  periods. 
Subsequently,  however,  I  foimd  that  my  friend.  Professor  Perrey,  of  Dijon, 
had  had  such  a  nuvk  in  pn^rcss  for  some  years ;  and  ho  has  since  publi^cd 
his  Bibliogm pineal  Catalogues  in  tlie  '  llenioires  de  I'Academie  Imp.  de  Dijon,' 
vols,  xiv.  and  xv.  2nd  ser.,  for  185o-u(i,  which  contained,  in  alphalicticnl 
ovder,  ono  thousand  eight  himdrcd  and  tliirty-acven  different  works  on  Seis- 
mology, Kven  yet,  however,  the  store  of  litemturo  in  this  sijeeiality  are  not 
comjiletely  taken  stock  of.  I  have  hence  deemed  it  best  simply  to  publish, 
in  tiie  foUowing  listiJ,  such  works  as  I  luivc  found  in  the  several  European 
libraries  named  at  tho  head  of  each  sepaiyte  list,  along  with  one  in  which 
works,  that  from  various  sourecs  have  met  my  eye,  aixi  coUecti-d.  Tho  ma- 
teriul.s  thus  given  will  be.  I  should  hopu,  at  some  present  service  to  scientific 
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travellers  abroad;  and  such  portions  as  are  new  can  be  intercalated  with 
future  editions  of  more  perfect  catalogues,  such  as  M.  Perrey's.  The  following 
is  the  order  of  the  library  lists : — 

1.  British  Museum. 

2.  Eojal  Society  of  London. 

3.  Trinity  College,  Dublin. 

4.  Eoyal  Library,  BerHn. 

5.  Naturforschenden  Freunde  of  BerHn. 

6.  Boyal  School  of  Mines,  BerHn. 

7.  Library  of  the  University  of  Gottingen. 

8.  Eoyal  Library  of  Munich,  Bavaria. 

9.  Eoyal  Library  of  Dresden,  Saxony. 

10.  Library  of  Gand,  Belgium. 

11.  library  of  the  Mineralogical  Museum,  Naples. 

12.  Works  on  Seismic  and  Volcanic  Subjects  from  various  sources. 

Library  of  the  British  Museum. 

Verhail  Tan  de  Groote  Aertheninghe  bmnen  Mantua  in  Lulio  1619.    4to.  Antwerpen. 

No  date. 
• — •*    ■'Accx)iint  of  the  late  Earthquake  in  Jamaica.    Syo.  London,  1693. 
...■^  '"Supplement  to  the  Biahop  of  London's  Letter  on  occasion  of  the  late  Earthquake.    8to. 

London,  1750. 
SeriouA  Thoughts  on  the  Earthquake  at  Lisbon.    Syo.  London,  1755. 
Beflections,  Physical  and  Moral,  upon  the  uncommon  Phenomena  whidi  have  happened 

from  the  Earthquake  at  lima  to  the  present  time.    8to.  London,  1756. 
A  short  and  pithie  IHsoourse  concerning  the  engendering,  tokens,  and  effects  of  all  Earth- 
quakes in  generall.    By  T.  T.    4to.  London,  1580.    (Black  letter.) 
A  most  true  relation  of  a  very  dreadfull  Earthquake  which  began  upon  the  8  December, 

1612,  and  stiU  oontinueth  in  Munster,  in  Ghsmumie.    4to.  London,  1612.  (Black  letter.) 
Vera  Belatione  del  Spavonteyole  Terremoto  nelle  proTinde  di  Calabria  dtra  et  ultra. 

4to.  Boma,  1638.    Also  editions  in  La^  Neap.  1638 ;  Angl.,  London,  1638. 
Sopra  il  Terremoto  Leadoni  tre.    4to.  Spoleto,  17o2. 
Strange  News  from  the  North,  containing  a  true  and  exact  relation  of  a  great  Earthquake 

in  Cumberland  and  Westmoreland.    4to.  London,  1650. 
Belatione  dell'  horribile  Terremoto  seeuito  nella  dtti  di  Bagusa  et  altre  della  Dalmatia  ei 

Albania.    4to.  Yen.  1667.    Alter  edit.  angL,  4to,  London,  1667. 
Strange  News  from  Italie;  being  a  true  relation  of  a  dreadfull  Earthquake  in  Bomania 

and  the  Marches  of  Anoona,  April  14,  1672.    Trans,  from  the  Italian.    4to.  London, 

1672. 
A  relation  of  the  terrible  Earthquake  at  West  Brummidge  in  Staffordshire,  January  4, 

1675-6.    4to.  London,  1676. 
Strange  News  from  Lemster  in  Herefordshire ;  being  a  true  narration  of  the  opening  of 

the  earth  in  diyers  places  thereabouts.    4to.  London,  1679. 
Strange  News  from  Oxfordshire ;  bein^  a  true  and  faithful  account  of  a  wonderful  and 

dreadful  Earthquake  that  happened  m  those  parts,  September  17,  1683.    Folio. 
A  true  fmd  exact  relation  of  tne  Earthquake  at  Naples,  June  5,  1688.    Transl.  from  the 

Italian.    4to.  London,  1688. 
A  true  and  impartial  Account  of  the  strange  and  wonderful  Earthquake  which  happened 

in  most  parts  of  the  City  of  London,  8  September,  1692.    Folio. 
A  Philosophical  Discourse  of  Earthquakes,  occasioned  by  the  late  Earthquake,  September 

8,  1692.    By  C.  H.    4to.  London,  1692. 
.^  <r^^.'  j^  true  and  perfect  relation  of  the  Earthquake  at  Port  Boyal  in  Jamaica,  7  June,  1692. 

Folio.    London. 

full  Account  of  the  late  dreadful  Earthquake  at  Port  Boyal  in  Jamaica,  June  22,  1692. 

In  two  letters  from  the  minister  of  that  place.    Folio. 
A  sad  and  terrible  relation  of  the  dreadful  Earthquake  which  happened  at  Jamaco  [sic]. 

12mo.  London,  1692. 
A  Practical  Discourse  on  the  late  Earthquakes,  with  an  Historical  Account  of  Prodigies 

and  their  yarious  effects.    By  a  BeTcrend  Divine.    4to.  London,  1692. 
Epistola  ad  Begiam  Sodetatem  Londinensem,  qua  de  nuperis  terrssmotibus  disseritur  et 
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vom  Hmim  (auae  (Tuimtur,    4Lo.  Lotidon.  tdflS.    Propoees  to  BMVuntr  for  carthqimkea 
occumng  uii  Betralogioal  grouniI& 

An  aouoiuit  of  Uiv  loM  tcrriblp  EnrlJiquBliD  in  Bioil}',    Dunr  from  tbo  Italian  co^j  printed 
Hi  Bonie.    4to.  Luiidoo,  1003. 

The  Enrtli  twioi-  sluikcii  troodrrfullT ;  or  TO  onalosical  Diecoune  of  EarthquakiH.    By 
I.  D.  R.  [RoulGonal],  Frvnch  iiiiuiBtur,    4to.  Innauii,  1693-iH.    47  pugn. 

Ibv  Ovnenl  Hialuiy  of  Eailliquakoa.    By  B.  B.     12iao.  Lundon.  IKtH. 

A  full  EUid  disninl  Acvoimt  c^  im  BorUidualc  that  happened  in  Batavia,  28  Febniarj. 
1700.  l2mo.  Lundon. 
■^'A  true  and  partdcular  Belatton  of  the  BnrtJiquaki!  wMirh  hnppened  at  Lima,  tbo  capital  of 
Feni.  tli6  23  October,  17-tli:  tritb  a  dj»uriptiiMi  of  Canno  and  Lima  beforu  tlicir 
dMtrudion,  and  Ibo  Kingdom  of  Peru  in  general.  Hto.  London,  1746.  (Enued  in 
Catal.} 

leloria  ae/  Fonomeni  del  Tremota  avTeuiilo  ntUe  Calabric  e  nci  Voidemone  nell'  i 
17H3.  porta  iu  luce  dalla  Bcalu  Aucadomta  dL>Uo  SoJonie  e  detle  Belle  Letlore  di  Napolb  ■ 
Fol.  Nap.  I7B1.  ,1 

Dreadful  Niwg,  or  a  true  Belaliun  of  the  grrat.  tiolent,  and  late  Eart.liquako.  which  h^ajJ 
pened  Ibe  27  Uarah  Stilo  Soniono  last,  at  CoUobria  in  tJH>  Eingdoin  of  ?Japle«.  Londta^S 
1638.    Oim  a  ttit  of  30  lowtui  and  dtiea  o  vortlirown,  and  SO.OOO  people  killed.  J 

A  fid]  Anvuat  of  the  great  and  terrible  Eartliquake  in  Qenuanj',  Huii^srj,  and  TaritfJ 
one  of  the  greatest  and  moat  vondtrrfiil  that  eier  waa  in  the  irarld.    Traiulalad  frop^ 
Uie  Dutch  of  Leopold  Wetti:rtiliFinl  do  HudenBtcni.  by  Sidurd  Alcock.    4to.  Londa 
Date  ill^ble.    Sefars  to  Canljin'i  opinions  of  eartlLqualce*.  in  "  De  Subtilitat«." 

A  Narrative  of  tbe  Earthquake  and  Fire  of  Liabun.  By  Antonio  Pcreira,  of  the  Congre^-  I 
lion  of  the  Oratory,  on  Eye-witnoB  thereof.  Translated  from  tlie  Latin.  8to.  I  ■•-■*—'  ' 
175«. 

A  true  and  exact  Bolation  of  tjie  late  prodigiouji  Eartliquaku  and  Eruption  of  Mount  .iCtna,  A 
or  Mount  Qibello,  at  it  oaiue  in  a  Letter  Uj  liis  lal4>  M^esty  from  Naples,  by  ths  B^^A  I 
Hon.  Eorle  of  WioclielBeOiT  AiDbaaudor  at  Con«lai)1iuoplc.    4lo.  London.  IGAU,  I 

Dolorosa  Traguidia  represeiitata  nel  r^no  di  Calnnio,  Ilc.    4to.  Cutoiiiir,  llill3.  r 

Dal  Terrannota  dialogo  di  Jaoomo  Antonio  Buoni,  Medini  Fermrcae.    Diatinto  in  quattra   I 
siomBto.    4tti.  Modena,  1571.    50  pagrs.    A  digest  in  tlio  uauol  faaUon  nf  all  old  kiioir- 
ledge:  and  a  large  aitalogui\  with  approdinate  dntos  of  eartliquakn.    Thi«  catalog  ta 
lery  ropioiia  and  valuable.   'Xen  ugnu  of  earthquakes  enumerated.   Catoloeuo  nmUnued 
to  A.D.  IDltl. 

Del  Ternemolo  Dudogo  del  Signur  Lucio  Uoggio,  Oentil  huomo  Bologueso.   4to.  Bologna. 

Bridges'  Annals  of  Jamaica.    (The  great  Jamaica  Earthquake.) 

Sojne  Conaidcratioiia  on  the  Caiiipe  of  EsrtliiiuotM.     Bt  3.  Hales,  D.D„  F.H.S.     8vo. 

London.  17iX>. 
William  Stukelv.M.D..  The  Pliiloeophy  of  EarthquakcB.  8vo,  London,  17B0.  With  Part  11. 
A  Fhilosopliicnl  Diacourse  of  Earthquakee.  oocadoned  by  the  laid  ^rthquako  of  S  Sept. 

lG'J-2.    By  C.  H.    4to.  London,  IIKO. 
Vera  relatione  del  Spaventerole  Terr»moto  suoceeeo  alii  27  di  Marzo,  au  lo  21  hore  nelle 

ProTincie  di  Calabria  citra  et  ultra.     4to.  Roma,  1(>;18.    71  pag«a. 
Oratio  in  receiitem  TiTm  molum  Gcrmaniie  utriusqito  terrorcni,  anno  1G40,  4  Aprilia, 

post  tortiam  matutinam.     A  Ion  Qalono  Canonieo.     4to.  Col.  Agrip.  1640.     41  pages. 
Tnittnio  unicorsole  di  lulli  11  Terremoti  occorsi  e  noli  nel  mondo  con  li  can  lutaugti 

ed'infelici  presgagili  da  tali  Terremoti.    4ta  Nell'  Aquito,  1652.     146  pagea. 
A  Catalogue  of  Earthquakes  from  the  carlieat  Timea  of  the  Jews  and  Phjhstinea  down  lo 

tlint  when  tlie  Emperor  Henry  IV.  made  war  with  Pope  Pasquale  II.    (Vide  date.) 

Few  precira  dalea  girru ;  chiefly  a  mass  of  churohmon's  eupcratition. 
Bulationo  del  liorribile  TemmMo  au^ito  nella  eiuA  dt  Baguaa  et  altra  della  Dalmada 

ct  Albania  il  giorno  delli  6  Aprile.  1667.    4lo.  Tenetio,  IG67.    Only  a  letter. 
M.  Kiri'her,  Mundua  Subterranoiia.  lib.  4.    There  ia  much  information  as  to  Earthquakes. 
IWrnhk- Tern.',  oil  soni  eonlimus  sos  cati»i*,Hi(!ne«.oiri-ls  el  remedos.   Par  Loiiys  du  Thoum. 

Doi'leur  ct  Avucal.  Ilk,  a  Bnrdeaux.     Svo.  Ifild.     DiseiuBe*  all  the  cause*,  kind?,  signs, 

pn>sng<>».  und  supiTnolnral  remedies  of  1  he  Aneicnls.    A  learned  book  in  ilalinie  and  way. 
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4to.  Heidelberg,  1602. 
From  the  Collection  of  Bound  Pamphlets : — 

Medical  Tracts.    FF.  n.  23.    Several  narraliyes. 

Tracts  on  Earthquakes.  (lib.  Fag.)    H.  11.  26. 
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Prag.  1773. 
Jo.  Steininger,  Die  erloeohenen  Yulkane  in  der  Eifel  und  am  Niederrhein.    c.  2  tabb.  lith. 

8vo.  Mainz.  1820. 
Neue  Beitrage  zur  Qeschichte  der  rheinischen  Yulkane.  o.  2  tabb.  lith.    8to.  Mains. 
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Ennbqnatee.     e.  liih,  len.     4to,   I^ondon.  I7I)'I. 
F.  Kries,  Ton  den  rnwcheii  d<T  Erdbelien.     Preissehrift.  Iferauw, 

KiinsW  und  Wifsensob.  f.  d,  Provini!  UlreeUl,     Svo,  Utrecht  A  ft. ^_    .    _  . 
H.  CHrard.  I'eher  Ertlbeben  und  Tiilkane :    ein  Vortrag  gchalten  im  wifsenm-b.  Terein. 
e.  1  lab.    8vo,  Berlin,  I84f.. 


ON  THE  PACTS  AND  THEORY  OF  EARTHQUAKE  PHENOMENA.    11? 

J.  Kant,  Gteschichte  und  NatarboBchreibung  der  merkwiirdigfiten  Vorf  alien  des  Erdbebens, 
welches  an  dem  Ende  des  17556te8  Jahres  einen  grossen  Theil  der  Erde  erschiittert  hat. 
4to.  Konigsberg,  1756. 

Schreiben  der  lEUtter  Ton  Hamilton  an  die  Konigl.  Sodetat  der  Wissenschaften  zu  London, 
in  welchem  seine  selbst  angestellten  physiscl^n  Beobaohtimgen  iiber  das  Erdbeben  in 
Calabrien  und  Sioilien  mitgetheilt  werden.    A.  d.  Franx.    4to.  Strasb.  1784. 

B.  E.  Raspe,  Account  of  some  Qerman  Yolcanos  and  their  Productions,  with  a  new 
hypothesis  of  the  Prismatical  Basaltes.    c.  2  tabb.  rni.    8yo.  London,  1776. 

Books  on  Earthquakes  and  Vulcanohgy  in  the  Oottingen  University  Library, 

Opusculum  Philippi  Beroaldi  de  Terraomotu  et  PestilentiA,  cum  annotamentis  Gbdeni. 
(68  pp.      Little  more  than  the  opinions  of  Aristotle.) 

Das  erschiitterte  und  bebende  Meissen  und  Thiirin^en,  oder  eine  Beechreibung  des  am 
24  Norember,  annoch  sejnden  1680  Jahres,  in  Meissen  und  Thiiringen  entstandenen 
Erdbebens,  u.s.w.  daigestellt '  Von  Nicolas  Hoppfiiem,  Pfarrem  zu  Draschwitz,  in  Stifit 
Naumburg.  Leipzig,  1691  (62  pp.  Contains  accounts  of  several  celebrated  Earth- 
quakes). 

Domenici  Bottari,  ])e  immani  Trinacri»  terrsmotu,  idea  historico-phTsica.  Messanv, 
1718(131  pp.   Mainlyoccupiedbytheopinionsoftheancientphilosophers, Aristotle, Ac.) 

P.  M.  Salyatoris  Buffi,  Fanormitani,  e  tertio  ordine  S.  Frandsci,  De  horrendo  terr»mota 
qui  contigit  Panormi  nocte  post  Kalend.  Sept  1726,  tractatus  historicus,  &c.  LipsiflB, 
1727  (34  pp.    A  German  translation  of  this  memoir  is  bound  up  along  with  it). 

Giomale  e  notizie  de*  tremuoti  accaduti  nella  proTinda  di  Catanzaro,  di  D.  Andrea  de 
Leone,  regio  uditore  di  quel  tribunale.  Napoli,  1783  (67  pp.  Merelj  an  account  of 
this  particular  earthauake). 

Bespuesta  a  la  carta  del  IV^  j  B™o  Senor  D.  Fraj  Miguel  de  San  Josef^  obispo  de  Ghiadia, 

LBaza,  del  Consejo  de  S.  Mag.,  sobre  Tarios  escritos  a  oerca  del  Terremoto,  par  el  Doot 
.  Josef  Cevallos,  &c    Serilla,  1757  (96  pp.    Principally  occupied  by  monu  reflections 

derived  from  earthquakes,  espedally  the  great  one  of  Lisbon). 
Memoria  sopra  i  tremuoti  di  M!essina  accaduti  nell'  anno  1783.    Messina,  1784  (66  pp.). 
Nachrichten  von  den  Erdbeben  Sud-Italiens  in  den  letzten  Jahren,  Sendschreiben  an  den 

Herm  K  W.  G.  Kastner  von  Dr.  Albrecht  von  Schonberf.     Niimberg  1828  (23  pp. 

An  extract  from  Kastner's  Archiv  fiir  die  gesammte  Naturlehre). 
Physicalische  Gedancken  von  denen  Ursaohen  derer  Erdbeben,  u.  s.  w.    von  D.  Johann 

Gottlob  Lehmann.    Berlin,  1757  (55  pp). 
Des  demidres  B^olutions  du  Globe,  ou  conjectures  phviiqueB  sur  les  causes  de  la  degrada- 
tion actuelle  des  tremblements  de  terre,  et  sur  la  vraisemblance  de  leur  cessation 

proohaine.    Pur  M.  L.  CastiUion,  1771  (269  pp.    An  attempt,  and  apparently  a  very 

weak  one,  to  show  from  various  reasons,  historical  and  physical,  that  earthquuces  wers 

gradually  decreasing  in  number  and  violence,  and  would  probably  ultimately  cease 

altogeth^). 
Dei  Terremoti  di  Bologna:  opuscola  di  D.  Miohele  Augusti.   Bologna,  1780  (181  pp.   An 

examination  of  the  connexion  between  '* Terremoti"  and  "Aeremoti"  or  meteorological 

phenomena). 
Le  M^hanisme  des  Cieux,  et  explication  de  la  Nature  des  Tremblemens  de  terre.    ParM. 

Val,  Math6matiden.    Botteroun  et  la  Haye,  1756  (67  pp.). 
Ueber  die  Erdbeben  und  den  allgemeinen  Nebel,  178o.    von  Johann  Ernst  BasiUus 

Wiedeburg.    Jen^  1784  (86  pp.). 
Bagionamento  del  terremoto  del  Nuovo  Monte,  dd  aprimento  di  terra  in  Pozuolo  nell* 

anno  1538.    Per  Piero  Giacomo  da  Toledo.    Napoli,  1539  (28  pp.    Chiefly  in  the 

form  of  a  dialogue,  with  an  odd  old  woodcut  of  the  eruption  in  wluch  Monte  Nuovo 

was  produced). 
Dell'  incendio  di  Pozuolo.    Manx)  Antonio  dei  Falconi,  all*  illustrissima  Marchesa  della 

Padula.     1538  (41  pp.    With  the  same  woodcut  as  the  last). 
Werden  und  Seyn  des  vulcanischen  Gebirges.    Empirisch  dargestellt  von  W.  H.  C.  B.  A. 

von  Ungem-Stemberg.    Mit  8  Abbildungen.    Carlsruhe,  1825    (320pp.    Chiefly  mine- 

ralogicu  and  geological). 
Carolus  OGSsar  de  Leonhard,  Historia  antii^na  vulcanorum  montium.      Heidelber^^ 

1823  (14  pp.    A  short  and  unimportant  umversity  thesis,  referring  only  to  the  anaent 

dassicsl  authors). 
Schreiben  des  Herm  lenatz  v.  Bom,  iiber  einen  auflcebrannten  Yulkan  bei  der  Stadt  E|ger 

in  Bohmen.    Prag.  1778  (16  pp.    Not  important). 
Considto^ons  sur  lee  montaaiee  volcaniques :  memoirs  lu  dans  une  stance  de  T  Aoad6mi« 

Eleetorale  6m  Scwnces  et  Belles  Lettrea  de  Mannheim,  le  5  Novembre,  1761.    Par  M. 

CoUini.    Mannheim,  1781  (59  pp.). 


Vw»  dor  Wyrk.  lVbrr«iolit  der  Kieiiiiacli™  und  Eiwlpr  otIomIictimi  Viil 
Erbobiingl-Oubildo.    Uiuiiilirim,  ItiUS  and  IWHJ  [2  edili.  174  |)p.      A|>p«n<ntlT  ■  rrrt 
cood  ■ccoiinl  or  tlut  ntinct  totcano«!  of  Uu?  ^istriut  of  Oie  Wdue,  twtmn  (iBtikm*  «Biil 

RinIorTof  theeitinrt  Volcanoesor  tlicBuinof  K^ainedon  Ihe  Lower  Rhine     By  Sunurl 

HibbCTt,  M.D-,  F.R.8.  Ed,     Edinburgh,  1832  (260  pp..  with  m™  and  phMa). 
Biroe,  Beilng  tar  alJerelleaten  und  natupliohaii  HiMorio  *on  Ha«en,  n.  ».  w.     CweiJ. 

1774  (TB  pp.    On  tbe  eitinrt  Tolcmioes  of  the  mnghbouriiood  of  (.'iwwl ), 
"Bagne,  An  atiwunt,  &e.     (A  tntnaUtion  of  ihe  lasl-menlioned.     136  pp.). 
FaujM  de  St.-Pond,  Uiiiiralosie  da  Tolcaim.    Parw,  ITM  (51 1  pp.). 
Ducarla,  Du  feu  BOulamin.     Faru.  178.1  (54  pp.), 
Joh.  Stciningur,  Die  erloMhenen  Viilksne  iu  der  Eifel  und  sin  Jtinlor-rlicini-.     Maitii. 

1820(180  pp.). 

— ,  Neua  Dtntroge xur  Ouvhichle  der  rhdnimbwi  Vulkwiii.    Uiuiix.lS21(ll(li>p.). 

Die  Tnlk&ue  altorer  und  npnetM  ZaXen.  phjneaXiieh  iind  inincraluguoh  bMnofaUii  YOn 

Fnni  T.  BoTOldingen.    2  Til.    Manolieim,  IT01  (2tl3  ond  4tHt  pp.     Apparanll;  a  good 

Hauni£  of  what  Iiad  bmn  preficiuslj  imUen  On  tlw  aubjoot). 
Kwl  WiDielni  Nrme,  iteitra^  lu  ded  VonUllim^sarlfn  libcr  Tulkaiiinchf  Oq;miatiiiiil%  ^ 

Fnmkfunain  Majn.  IT!)'2(4fiTpp.).  '  ^^ 

-.  Fortaotaung  d«-  B-iitMee.  u.a.w.     Frankfort  am  Mi.-n.  17VOJBS8  PP-V^H 
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Basilt.     Frankfurt  ain  Majn,  I7il3  (»14  pp.). 
C.  H.  Ordinaire,  Qiatoirc  Hatnrelle  dea  Vokann,  winprrnaut  Im  Tulcnn*  •ouraiuiin. 
de  bouB,  pl  sutres  phiSiioiut'iie*  aniiloguee.    Pari*,  I!*I2  (342  pp.    The  --'-'--•  -■- 
geulogimll;}. 

Biwdn  niBiiT  other  books,  both  on  ■artliijniikui  and  rolmnow,  tlm  [Uunnof  uluch  ham 
already  Uen  obtained  eWwberu. 

lioi/ilt  fAhrarif,  Mumck. 

OuiidincCT  (A.).  Thcwi.-  d>>r  Volkan.    8vo,  Wisa.  164*1. 

Knrt  (FA  Orcr  d«  Uortakcn  tin  Aanlbeiriiigni.    ^ro.  llirmlit,  18SII. 

Krttfpv  (T.  0.\  Opdaiikm  itbrr  d.  Umt<him  d,  Erdbebena.    Sro.  Hallx,  ITJW. 

Qnuthuiiinn  (Py,  v.  P.^.  GnUnkcn  ubn  diu  Umiihen  der  Erdbeben,     ISziTi, 

Ouriippivlit  [T.  E.),  Die  vulkn.ii*.>lir  TltHtigkeit  ai.f  d,  FnrtLinde  Ton  Afrini.    Berlin,  1*10. 

(,/<■-,. 
ConimeiitnliiinCTila  de  Terncmotu.pronuntiata  a  Murtino  WdndrichJo  Profewora  Plij'sicoa 

in  Oj'innHftio  Vralisl.     VralitJuviie,  l.olll. 
Di"HTtBiione  Kopra  lo  fieiclie  e  vcre  cause  de"  tcrretiioti.  del  Sig.  de*  ScoHi  di  Caaaano. 

Pnicn.  17H». 
I).  JoTiann  Oottlob  Kriigers,  Qedanken  von   den  Uraaclien   dea  E^dbeben^  ncbtt  eine 

moralirtclie  Betrachlung.    Ilalle  iind  Helnialudt,  175(i. 
A  Freneh  Tranelalion  of  Ilalcs's  t'oiisideraliona  on  llie  Pliyeicsl  CaiiK  of  Earthquakw. 

Paris,  17;M. 
lliBtoriwIica  krilijtclica  Vireeii-I 
.  M.  C.  G.  G.     Schnoubcrg,  1 

loguo  of  Authors. 
Chrislliflier  (frundliclicr  Undcraidit  von  den  Erdbeben.    Von  Joliann  Bui^wer  der  Arti- 

ncyen  Doctoren  zu  StbatfliauBen.     Gi'druckt  lu  Zurich  Iti-j". 
Kiirzo  Bceolireibune  dcK  KnlbrbmiB.  weli'hee  den  .'ilen  Februar  1783,  Mewina  und  eineii 

Tbcil  ("alobrions  tclruffcii.    Aus  dnu  ItHliciiischeii  di'B  llerm  MieliacI  Torun.    Ntim- 

berg,  17&-t. 
Die  Rrdn-volulioncn,  ocU.r  Ihwlireibung  uud  ErklJirHUL-  d.-s  in  Spanieii  am  21  Miira  1820. 

nUBgi'broeliciHMi  ((r.*«-ii  Krdbi'bena.     Vuii  B.  A.  K  \V(cjri..|i).     I^ipiig,  ijai. 
Bilracblimg  uUt  die  I'rNii'licn  der  JCrdbi'tMH.  17.'ill. 
l'oiij«'[un.»  pliji'i™-iiu'eniiii|ui's  sur  la  proiiagatioti  di-s- bci«U!W9  dimii  l<-i  tn-mblcincnis 

i\e  liTTi'.  rt  mil"  bi  diMpuHitiim  dcs  lii'ux  ^lu  ill  oiil  n'wmii   bf  i'Hcts.     (Probably  I'uris) 

I7,''ll.  -Vm-  ri-iiiiirkjiWe.     lli'  ^-iHiikii  of  rbiiin*  of  niouiitiiiu]*  ns  long  levers  comniuni- 

iBliiijt  llic  voleimic  (unv  a\<vVm\  n[  one  end  to  llip  othiT.  Ihi'  prinrilial  eltWl  biina  fell  at 

lliot  otIiiT.  ii«,  wlH'n  a  long  row  uf  bulls  Is  ntput-k  at  uiie  md,  tiie  lai!  oni'  moves.     Ife  saja 
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Lettre  d*un  eocl^siastique  de  FariB  k  un  cur6  de  proTinoe,  but  les  demiera  tremblements 

de  terre.    PariB,  1756. 
Lezioni  tre  sopra  il  tremuoto,  Ac,    (No  name.)    Boma,  1748. 
Unglucks-Chronica  yieler  grauBamer  und  encnrecklicher  Erdbeben  Hamburg.     Gedruckt 

bei  Thomas  Ton  Wienng,  im  giildenen  A  B  C,  bei  der  Bone,  16^. 
AIbo  manj  Abhandlungen  seen  in  other  lihrariee. 

The  Library  at  Oand,  Belgium. 

Ilistoire  deB  andennes  reTolutions  du  globe  terrestre,  ayec  un  relation  chronologique  et 
'    historique  deB  tremblements  de  terre  arriTte  but  notre  globe  depuis  le  iY>mmenoement 

de  r^re  Chr6ti0nnejuBqu'&  present.     1  toI.  8to.    AmBterdam,  1780. 
DainetuB  Sennertos,  Curator  lAviniensiB,  Epitome  Naturalis  SdentisD.    Amsterdam,  Jno. 

Bayerstem,  1651.    Tememotus  in  part     1  toI.  12mo. 
Antonii  Qalatei  lidensiB,  &o.  Elementorum.    BasiUaD,  per  P.  Pemam,  1580.    Terrasmotus 

in  part.     12mo. 
Memoria  sull*  eruzione  del  Vesuyio,  accaduta  la  sera  de'  15  CKugno  1794.    Di  Scipione 

Breislak.     1  vol.  8yo.    Napoli,  1794. 
Journal  historique,  g^ographique,  et  physique  de  toutes  les  tremblemento  de  la  terre  uni- 

verselle,  de  1755  jusqu^ii  1756.    Par  M. ,  de  TAcad^mie  des  Sdenoee  et  Belles 

Lettres.    8yo,  pamphlet,  sans  nom.    1756. 
De  YesuTiano  inoendio  nuntius,  auotore  Julio  Cssare  Becupito,  Neapolitano.   8to.  Lorani, 

1639.    TerramotuB. 

The  whole  that  occur  in  the  Catalogue  Baisonne  of  the  Library  of  the 

Royal  Mineralogical  Museum,  Naples. 

[Note, — There  is  no  classed  Catalogue  of  the  Boyal  Library  at  the  Museo  Borbonico ; 
and  it  was  found  impossible  to  procure  any  list  of  the  Earthquake  works  it  may  possess.] 

Qiuseppe  di  Stefano,  Bagionamento  intomo  le  cagioni  del  tremuoto.    8to.  Nap.  1783. 

,  Beladone  del  tremuoto  del  di  29  Novembre  1732,  ayrenuto  nel  reeno  di  Napoli.  8vo. 

, accaduto  in  Napoli,  il  di  5  Giugno  1688.    4to.  Napoli,  168§. 

, del  danno  cagionato  dal  tremuoto  del  di  7  Gtiugno  1695,  nella  dtt^  di  Bagnora, 

Oriseto,  e  luoghi  yicino  Boma  e  Napoli    4to. 
Andrea  de  Leone,  GKomale  e  notide  dei  tremuoti  aocaduti  Tanno  1783.    Parte  la  e  2da. 

Nap.  1783. 
Alberto  Nota,  Del  tremuoto  ayrenuto  nella  proyincia  di  S.  Bemo.    Finerolo,  1832. 
Leopoldo  Pilla,  Lrtoria  del  tremuoto  che  ha  deyastato  la  oosta  toscana  il  di  14  Agoeto 

1846.    Fig.    8yo.  Pisa,  1846. 
Baldassarre  Spampinato,  Osseryasioni  su  i  tremuoti.    4to.  Catania,  1818. 
Luzio  d'Orsi,  DeBcrizione  dd  tremuoti  e  delle  royine  di  Calabria.    4to.  Nap.  1639. 
Andrea  Lombard^  Cenno  sul  tremuoto  ayyenuto  in  Tito,  il  1  Febb.  1828.    Potenza,  1829. 
Gottardo  Zenoni,  Memorie  storioo-fiBiche  sul  terremoto.    8yo.  Cremona,  1783. 

,  Lezioni  Bopra  il  tremuoto.    4to.  Boma,  1748. 

Ignado  de  Partenione,  Descrizione  del  terribile  terrem.  del  8  Febb.  1783.    4to.  Nap.  1784. 
^tinc.  Antonio  Qrimaldi,  Desoriz.  dd  tremuoti  aocaduti  nolle  Calabrie  nel  178o.    Fig. 

8yo.  Nap.  1784. 
Gabriele  Pape,  BagguagUo  istorioo-fisico  dd  tremuoto  aocaduto  nd  regna  di  Napoli  il  26 

LugUo  1805.    8yo.  Napoli,  1808. 
Qiuseppe  Sayerio  Poli,  Sm  tremuoto  del  26  LugUo  1805.    8yo.  Nap.  1805. 
Tommaso  Mannesi,  Aocenti  lagrimeyoU  sulle  rovine  di  Bostano  pel  tremuoto  della  notte 

del  24  Aprile  1836.    8yo.  Nap.  1836. 
Michele  Augusti,  Dd  terremoti  di  MeeBtoa  e  di  Calabria  dell*  anno  1783.    8yo.  Bologna, 

1783. 
Deod.  Dolomieu,  Memoria  sopra  i  terremuoti  della  Calabria  dell'  anno  1783.     12mo. 

NapoU,  1785. 
Nicola  Zupo,  Biflesdoni  sulle  cagioni  fidche  dei  terrem.  aocaduti  nolle  Calabrie  nell*  anno 

1783.     12mo.  Nap.  1784. 
Procopio  Gk>limi,  Lettera  su  i  tremuoti  di  MesBina  e  Calabria  dd  1783.    12mo. 
Bartolommeo  Gt>ndolfi,  Sulle  cagioni  del  tremuoto.    12mo.  Boma,  1787. 
Francesco  Ferraro,  Memoria  sopra  i  terremuoti  della  Sidlia.    Fig.    8yo.    Palermo,  1823. 
Qioyanni  Bottari,  Lezioni  tre  sul  tremuoto.     12mo.  Boma,  1733. 
William  Hamilton,  Belation  des  demiers  trembl.  de  terre  arriyds  en  Calabre  et  en  Sidle, 

12mo.  Gen^ye,  1784. 
Laurent  Chraoas,  Descrizio  dei  tremuoti  sentiti  in  Boma,  la  sera  del  14  Gen.  e  2  Febb. 

1703.    4to.  Boma,  1704. 


REPonr — IfiSs. 

*  ColUetiont  ami  Soiimf. 

ji   ihp   Li'ipiic  Book  Catalogue  for  1944,   2nil  ■part,   page  66,  i   book  poiiileil  " 

Erdbcbcnt'.  von  T.  Kfirber." 
DeecriptiDn  of  s  SeismORBpll  or  iiiMruni(nit  for  noting  anull  corlhqiuike  iboi'lu  (Mfmuirni 

"■  ■  ie  I'Ara?'         "      --'--■•  ■ - 

(Rome. 
3,  11186. 
Explicatjou  plifiiqufl  vi  diimiquo  dn  frus  MiiitiJmiini.  det  <.reiiibl<mi<uti*  6e  lem.  dn 

oaragans.  Aet  £mira,  el  du  Mmrm. — H.  Lemerr.  in  tho  'HUtoira  et  M^moirca  de 

rAtml^mie  RoTsle  dn  Sdencea,'  H^i«ire>  pour  ITOCl,  p.  101 . 
NoU(ilb.),  del  treiDuoto  Kncuuto  nelU  citu  e  protincii  di  S.  Homo  I'aiinu  I83I.     I 

bnH:h.  in  Sta,  Pigmrotle.  1P32,     (Bxtrofted  from  tliD  Cal&lopi'''  uf  lli»  IJImr;  or  lln^ 

BojjJ  AcadBmj  of  Bulgium.) 
Bagor,  Voo  d«u  Erdbiliem.  eai  grnndlii^her  Bericlit.  u.  b.  w.     BhwI,  I&7^. 
Bemlicn,  TernamotuB ;  das  is(  grtmdliuliCT  Bericbt  »i>n  dciu  Enlln'bai,  u,  g.  w.     Mumbrnt, 

1610. 

FerrBTa.  I>i*»(TidonB  drll'  JEltia. 

Agatio  dj  Somina,  HixUirit'o  niuconto  dci   Ifrrenioli  delU  CHUbria  (It'll'  aiiuo   1038.    Gii 

amio  1641.    KapoU.  IMl. 
FiBDO.  Feirars.  Campi  Flvgrci  delia  gicUia.  tc.    Messiaa,  1810, 
Beutlier,  Compnidiuni  TemBinotuuiu.     Rlmssburg,  1(1111. 
PhviioIUche  BBtrBt-btungen  von  dem  Brdbebou,  b»Kiudni  m  LiiMboii.    FnuikfoK  uiid 

Loipzic.  1756. 
Bertrind,  M^nioin«  bislonquca  el.  plijsiiiaee  nir  lea  tremblfmcnla  dc  tcnv.    A  la  HsTe, 

1757. 
Delia  Torre.  UorU  e  fnioineni  di^  Tetuvio.    NapoH.  ITQii. 
Atban*  Kirohw,  Miuidiu  lubtt-mincii". 
A  Chronologioal  Account  of  the  moel  mrinorabli'  Biirtliquikra  from  the  bogiuiiniB  of  ihs 

C'hriatiiui  period  to  Ihe  year  1 750,    (.'ajnhridgo.  1750, 
A,  J.  Buxton.  Prcdigt  bei  Ofltvcnhoit  dn  KrdbcbniB  >u  LiMaban.    BaaeL  ITuTi, 
Micbelf  del  Bono,  Ditoorw  aul  I'origtne  du'  tromuoti.    Falurmo.  1745. 
IftioBtbenea,  Frodigioniiii  ae  oMontorum  Chnniicon. 
Frytwhiiu,  CaUlogfiu  prodigiorutn  ac  oslentomm. 

Hufoirt'  def  undenne*  rfrolutioni  du  globe  trmnlrc.     Aui*ltt^Ara.  17S2. 
Tonldo.  Kssoi  mSt^rologique,  lina  a  sniall  Calalogiie  of  Eartbquakiw  at  p.  270, 
A  Memoir  upon  ICnrtliqiuikfi!  in  RuBsia.  by   M.  PhQaiti'Ipliiiie,  Prof<wor  of  Phyjini  at 

■Tillia. 
iBtoris  dpi  tremuoto  die  da  drvuetalo  I  pn^i  della  ronia  tosc&na  il  dl  14  Ago^  IS46.    Di 

L.  Pilla.    InSToofi-tipagcs.  I'iw,  1846. 
Rapport  dc  Varauli-Eandi  but  le«  tremblemene  de  t<!Tre  du  2  Avril  1806.    (Quoted  in 

Pcrrrj'e  memoir  on  the  Eartliquakea  of  the  BsBin  of  the  Danube,  p.  6.) 
Terra  tremens,  die  zitl«md  oder  bebende  Krde.    Einfiiltig  dodi  hUr  und  deullieher  Bericht. 

iraa  Erdbeben  tcjm,  u.  t.  v..  von  M.  P.  S.  A.  (J.    Nitrtibci^g.  1670. 
Ca«lelli,  Ineeiidio  dol  tiiontu  Vesiivio,  4o.     Roma,  ltJ.'J2. 
farti,  Sflgpio  di  fongetturc  su  i  tcrremoti. 
Magnati,  Sotiiie  iatoriebo  do'  tprremoli  accaduti  ne'  eixoli  Inuoorsi  e  nel  prwenle.    Napoli, 

A  Memoir  of  M.  Kcilhau.  on  the  Earthquakea  of  Norwaj,  in  the  ■  Magaiin  for  Natur- 

Tidpnakabeme.'     Christinnia,  IKi."). 
A  LiHt  of  Earttiquakes  in  Ici'land.  in  tlie  '  Voyage  en  iBlnnde,'  publialinl  under  the  direction 

of  M.  Oainmrd.  p.  :ilo. 
GioTanni  Vivrnzio,  Intorin  iW  tremuoti  avTenuti  nella  prorinria  drlla  Calabria  ulteriure  e 

nella  pittH  di  Messina  n.U"  ann.i  17M.'f.     Napoli,  178-*. 
Fr.  Kriefl.  Von  d.-n  Cr«i.luni  d.T  KnlU-b,'ii.    Vtrecl.t.  1820. 

1'.  Merian.  L'fber  diu  in  H:iwl  «;ilu-i,'.-i.oniin.'iifn  l':r(lU>bpn,  u.  t.  vr,     liii«-i.  18W, 
Onlinnir.'.  lli^l.  nal.  d.-s  \<,h-an*. 

D.-II-  in.Tndio  fiittosi  lu'l  V.wivio  H!  D«-.  ICh'll.     Napoli.  Il'hlj. 

Iliiol.  fount  dl'  UiiiloEie.     Ppoluiblv  fOiiliiiiip  ii  good  dral  of  (■nrtliqitate  inforniation. 
Fr.  Saosi-n-  BlEin.ii'anipiinii  I)e  pr^-ipuu  Iiiijiik  anni  I.'iIM.  itpiid  .Mo^-iinliain  I.thp  niolii 

Besponsum.     4lu.  Hi  pp. 
IliKloire  des  anuieimcs  ri'VoliUiuiiH  dn  ulobr.     Ani'tcrrdmi.  l7-'>-. 
Miiria  di'11.1  Torre.    Storia  e  f.'iioinoni  del  Ve«uvio. 

M«»1>P.  1).-  HOT  if  illBuli!'. 

11^  ir  iiimidio  ai  Poiiiiolo.  Miino  Anionio  d.'lh  Fi.li™n,  all'  illi.t'lriBMn.a  .Signura  MartOieM 
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Ragionamento  del  terremoto,  del  Nuovo  Monte,  dell*  sprimento  di  terra  in  Possuolo 
neir  anno  1538,  e  della  aignificacione  d'eao,  da  Pietro  Giao.  di  Toledo.  Stamp,  in 
NapoU,  per  Qiav.  Sultsbach,  Alemanno,  a*  22  di  Qennaio  1539. 

Fai^as  St-Fond,  Les  Tolcans  6teinta  du  YiTaraia,  &o. 

Hamilton's  Obserrationi  on  Mount  YesuTius,  &c. 

Claudius  Alberiua,  De  ten»  motu  Oratio,  in  qua  Hjbomss  pagi  in  ditione  111.  Beip. 
Bern,  supra  lacum  Lemanum,  per  terrae  motum  oppressi,  niSona  paucis  attingitur. 

Yon  den  erschroklichen  Erdbidem,  was  sioh  dem  1,  2,  et  3  Maertren  1584  in  der  Yogthey 

Aelen,  den  Herm  Ton  Bern  zustandig,  durch  diese  erschroklidien  Erdbidem  begebori 

und  zugetragen  habe.     1854. 
J.  Hederici  Oratio  de  borribiliet  insolitoteme  motu,  qui  reoens  Austriam  vehementer  oon- 

cussit,  et  aliquot  vicinas  r^ones  agitayit.    Helmc^t,  1591. 
Zappell,  Hist,  dell'  inoendio.     C.  J. 
Bern.  Giuliani,  Trattato  del  Yesuyio.    Napoli,  1632. 
Gio.  Batt  Maaooli  x.  libri  de  Yeaurii  incendio  exdtato  17  Kalcnd.  Jan.  1631.    Neapoli, 

1633. 
M.  Pet  Escholt,  Geologica  Norwegica,  or  Bemembranoes  concerning  that &c.,  Earth- 
quakes  &c.,  through  the  south  parts  of  Norvray,  24th  April,  1657.    Englished  by 

DaT.  Collins.    London,  1663.    93  pages. 
Gius.  Macrino,  Trattato  del  Yesuyio.    Kapoli,  1693. 

J.  Alf.  Borelli,  Beladone  intomo  alia  famosa  eruzione  dell'  Etna  del  1669.     R^ggio,  1670. 
The  same  in  Latin,  with  this  title : — Historia  et  meteorologia  incendii  ^tneei  anni  1669. 
Don  Tomaso  Tedeschi,  Relazione  del  nuoTO  incendio  fatto  de  Mongibello  1669.    Messina, 

1670. 
N.  M.  Messina  di  Molfetta,  Relazione  dell'  inoendio  del  Yesuyio  nel  1682.    Napoli 
Bottone,  De  immani  TrinacrisD  teme  motu  idea  historico-phys.,  in  qua  non  solum  telluris 

ooncussiones  transactss  reoensentur,  sed  novissimsB  anni  1717.    Meaaanap,  1718. 
Hopfner,  Das  erschiitterte  und  bebende  Meissen,  &c.    Leipzig,  1691. 
Catania  distrutta.    Palermo,  1695. 
Ant.  Bulifone,  Lettere,  nelle  quale  si  da  distinto  ragguglio  dell'  inoendio  del  Yesuyio  ac- 

caduto  d'Ayril  1694,  &o.    Napoli,  1694. 
Parrino,  Suocinta  relazione  dell'  eruzione  del  1696.    NapoU. 
Ant.  Bulifone,  Compendio  istorico  de  monte  Yesuyio,  m  cui  si  ha  piena  notizia  di  totti 

grincendi  aocaduti  in  esso  in  fine  a*  15  di  GKugno  del  1698.    Napoli,  1698. 
Gasp.  Parragallo,  Istoria  naturale  del  monte  Yesuyio.    Napoli,  1705. 
Jos.  Yaletta,  Epistola  de  inoendio  et  eruptione  montis  YesuyiL    A.,  1707. 
Keferstein,  Zeitung  fiir  Gbognosie,  G^l.  u.  s.  w.    Weimer. 
Anton.  F(>glia,  Istorioo  di^rso  del  gran  terremoto  suooeaso  nel  r^gno  di  Napdi,  &o. 

Napoli,  1627. 
Yera  relazione  del  pietoao  caso  suoceaso  nelle  terre  oontenute  nella  proyincia  di  Puglia. 

Napoli,  1627. 
Philosoph.  Ergotsungen,  oder deutlichen  Erklarung  der  Erdbeben.     12mo.  Bremen, 

1765. 
Joh.  Fr.  Seyfart,  Algemeine  Geeohichte  der  Erdbeben.    8yo.  Frankfurt  u.  Leipzic,  1756. 
J.  G.  Roserus,  De  Temsmotu  qui  Italiam  nuper,  primis  anni  1703  mensibus  afflixit    4to. 

Stettin,  1703. 
Jao.  Phil.  Maraldi,  Obsenrationa  aur  lea  tremblements  de  terre  aniyte  en  Italic  depuia  le 

moia  d'Octobre  1702,  juaqu'au  moia  de  Juillet  1703.    In  Hiat  de  I'Acad.  dea  Scienoea 

de  Paris,  1704.    Hist.  p.  8. 
D.  Ign.  Sorrentino,  Istoria  del  monte  Yesuyio,  diyisato  in  due  libri,  &c.    Napoli,  1734. 
Relazione  del  tremuoto  intesosi  in  queeta  citti  di  Ni^li,  ed  in  alcune  proyincie  del  regno, 

nel  di  29  Noyembre  1732,  ad  ore  13  e  mezza. 
D.  Franc.  Serao,  Istoria  dell'  inoendio  del  Yesuyio,  accaduto  nel  meae  di  Maggio  dell*  anno 

1737.    8vo.  Napoli,  1740. 
M.  Alexis  Billiet,  Notice  sur  les  tremblemens  de  terre  de  Maorienne.    M^m.  de  Turin, 

2e  s^rie,  t.  2. 
Relazione  giomaliera  del  tremuoto  seguito  in  Bai^  I'anno  1746,  nel  mese  di  Luglio. 

Compilato  dal  dott.  F.  Tallinucci.     (Communication  of  M.  Pilla  to  M.  Perrey.) 
CourejoUes  on  Earthquakes.    Journal  de  Physique,  an.  10.    Pluyiore. 
Catalogue  des  Tremblements  de  Terre  en  Chine.     Par  E.  Blob.    Ann.  de  Chimie,  3  ser. 

vol.  ii.  p.  372. 
Sopra ,  Sur  les  petite  mouvements  apparents  observe  dans  les  mursetles  grands  instru- 
ments d'obseryatoire  de  Modena.    Par  M.  J.  Bianohi.    4to.  Modena,  1837. 
Ueber  das  Erdbeben  in  den  Rhein,  &o.  yom  Feb.  1828,  yon  P.  C.  Egen.    Pogg.  Ann.  for 

1828,  part  ii.  pp.  153-176.    An  important  memoir. 
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Bnuther,  rompendlum  TerMtniotuuni.    Str»Mburo.  1001. 

Bernherlj,  TcmeuiotiM,     (A  Rcgiator  of  Earthquifce*.)    Nurnberg.  1616. 

Dr.  Viarenuu  Mitf^uill.  EtLrlhquale  o(  Kapl«.  Ili88. 

Bcrtruid,  Mem,  lust,  lur  In  Intoblijiueus  de  terrv.    Is  Haye.  17^- 

Bcnholoii.  Juur.  do  Phja..  >ol.  xir. 

Viveiuio,  iMorm  e  Iraria  de'  bnroinuoti  BVTotiuti  nell«  proriuda  dtlla  CaUbtu,  &e., 

1783-1787.    NapoU,  I7H8. 
Cottc,  Tab.  Cbnni.  do  prindp,  Pli£aoin,  Mi-Uorologiqum,  Av.    Joiinal  de  Vhjt^  woi.  I 

No.  xy. 

C.lTdLOGUE  OF  PEBRErS  MEM0IR3- 
The  iniraoase  and  long- continued  seismic  atatiBtica  of  Prof.  Perrey  are 

scattered  throughout  a  multipJidty  of  Journivla  of  various  Leunn.>d  t^cietiett 
ujmI  elsewhore.  and  many  of  them  with  difficulty  aflcesHibUi  in  Urtat  Britain. 
The  autJior  halt,  at  my  n^qu^st,  favoured  me  with  the  following  completn 
Catalogue  of  hiv  sciamologiciU  labours,  tvhu^h  it  may  ho  norviccahle  Ut  pi 
iu  a  collected  form  for  roferenco. 

Perrcjr  (Aloxii),  Clircniiqup  tPJamiquc.     1  vol,  8vd,  MS.     It-re  K-tlaelion. 

,  la  mflme.    V  vols,  ito,  MS. 

,  TroDiblemeiiU  do  Trars  dam  1»  dilTi-fonta  sitetn  M  wu  diffirento  ^poquei 

Vkuibb.    CompL  Kend.  1,13.  p.  1185-1187,  aiJuiQ.lMl, 
,  Bacherchi*  liislorimics  tar  In  TnniblDinraitB  dc  Tcrro  dont  U  at  fait 

lea  hiatorieaa  depuis  le  H'e  «iwle  jusqu'd  U  Su  du  XVUUmc.     Ibid.  t.  13,  p.  ft>D-'J03, 

2  Not.  1841. 
,  Recheivlirt  aur  Ics  Treiiiblomenla  do  Torre  reaaratis  i  TlCurope  ot  duu  I'Aaio  ooci- 

dmtAle  de  30S  &  18UU.     Ibid.  t.  lU,  p.  IM-MO.  2U  Sept.  1S42.     Kcuf  wliion  •nUmiumt 

m'unt  Hi  mniis  au  Seur^lariat  de  riaiUloL 
— .  Note  9ur  Ira  TremblraacaU  de THrre  aui  Anlllln.    Ibid.  1. 10,  p.  l^t-l.lU3, 13  Juta. 

1843. 
.  NouvFlles  BwhFTOhM  sur  let  Tramtilementa  do  Tuire  rraHmdii  tia  Europe  H  duu  lo* 

purti«  adjiiccntoi  do  lAfriqui- Bt  de  I'Aaie  du  ISOl  ii  Juin  ltt4a.    Ibid.  1. 17,  p.60S-62&. 

2b  SepC  1843. 
,  Mfmoira.  siir  Ira  Tremblemenl*  de  Terre,  en  FrsTico,  en  liplpque,  el  en  HoUande. 

depuisle  tVe  BiAcle  ju»qu"4  no*  jour».     Itt43. 
.  M6moire  d«a  Sav.  Etr.  et  iliia.  Com.  de  rAcad^mie  de  Bnixelles,  t.  18,     4to. 

1 10  pp.  et  2  pi.  atw  Suppl.     MS. 

.  lenn^mo.     1  vol.  4to.  MS.     lere  i^daction  avec  addit.  MS.  de  M.Quetdet 

.  IdBle  dea  Tromblemenls  de  Terre  nwentii  en  Europe  paodant  rannie  1843.    Ibid. 

1. 18.  p.31>3-403.  U  Uara  1844. 
,. ,  Notice  BUT  lee  Treniblemeiite  de  Terre  nssonlia  k  Atigen  et  dam  le  IMp.  de  Maine 

et  Loire.    Bull,  de  Iu  Soc.  iudustr.  d'.lnge™,  t.  lo,  p.  17:i  ot  >uiv.,  18M.    Tir.  i  part, 

8to  de  pp.  7. 
.  liato  de  Tremblomenta  do  Torn)  reeeontia  en  Europe  pendant  I'annto 

Supplement  pour  I'annie  1843.     Mini,  do  I'Acad.  de  Dye-    lai-LJ^   - 

cuQiprend  t.  20,  p.  1444-1452,  \2  Mai  lS4u. 
— ,  Sur  lea  Treniblfinenta  de  Terre  do  la  Puiiingulo  SeaiidinaTo.     VoTagea  en  Scani 

navio  do  la  Com.  Sc.  du  Nord.    (i  div.  GiSog.  pl.y».  1. 1 ,  p.  401>-40'J.    Tir.  S  part.    I'ai 

184ri.    8vo  do  pl>.  li-'t,  axev  Suppl.  MS. 
,  Sur  loa  TroniblemcnU  do  Terre  dans  le  baaain  du  Rhniic.     Aim.  do  la  Soc.  d'Agi 

do  Lyon,  t.  U,  p.  I84;'i.     Tir.  a  part-     fro  de  pp.  82.  1    pi.  avec  iioles  addilionnetlea 

iiubc.    Ibid.  I.  'X  1*40,    Tir 

dans  i'.lfriijUf  n'plnitrione 
li^in.  do  l-Acnd.  du  Dijon,  lftlJ-1840.  p.  2yJ-a23.  Tir.  a  prt.  8vo  do  pp.  -^4,  a' 
-"]i|il.  SIS. 

-,  Sill-  li-^  TniiibU'ni.'jils  do  Torre  aux  AiKillw.     Ibid.  ii.  aiV.'Ki^.     Tir.  i  jart.     8 
1.'  |.|.,  fi.-*.  nvw  Siipjil.  Ma. 
-.  Li:,lo  U,*  Tivnil)l.'im-iil.s  d,'  T.-rre  rf*..oiilis  iN^mknt  l.»  Hiiiii-c-i  i.'*4.-.  ot  l,H«t,  hi 
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Pcrrey  (Alexis),  Mdmoire  sur  lee  TremblementB  de  Tern  dana  le  faoaan  du  Bhin.    M^m. 

des  Say.  ^tr.  et  M^m.  Cour.  de  I'Aoad.  Boy.  de  Belgique,  t  10,  1847.    Tir.  k  part. 
^    4to  de  pp.  114  et  2  pU  atoc  Suppl.  MS. 
,  La  lune  exeroe-t-elle  line  innuenoe  but  les  Tremblements  de  Terre  ?    M^m.  pr^eentf^ 

a  PAcad.  dos  Sciences,  le  5  Mai,  1847.    Compt.  Bend,  t  24,  p.  822.    MS.  de  11  pp.  en 

1  vol.  4to ;  1  pi. 
le 


— ,  Note  BUT  lea  Tremblementa  de  Terre  ressentis  en  1851.    Bull,  de  TAcad.  Boy.  de 
Belgique,  t.  19,  part  1,  p.  353-^96,  et  Supplement;  Ihid.  part  2.  p.  21-28.     Tir.  k  |Nirt. 
— ,  la  mdme,  avec  Supplement  pour  les  ann^es  antSriQures.    M^m.  de  TAcad.  de  D^jon, 
2e  s^r.  t.  2,  p.  1-65,  1852.    Tir.  k  part 
-,  M^moire  sur  les  rapports  qui  peuvent  eidster  entre  la  frequence  dee  tremblementa 


de  terre  et  Tdge  de  la  lune.    Compt.  Bend.  t.  36,  p.  537-540,  21  Mars,  1853. 
— ,  le  m^me,  MS.  original  ayec  pi.  et  1  toL  gr.  in-foL  oontenant  les  tableaux  dee  Seoousees 
de  1801  k  1850,  MS. 

— ,  Note  sur  les  Tremblements  de  Terre  reesentis  en  1852.    BulL  de  TAcad.  de  Belgique,  *^ 
t.  20,  uo.  5,  p.  3^69,  10  Mai,  1853.    Tir.  k  part. 

— ,  la  mSme,  ayec  Suppiemente  pour  les  anneee  anterieures.    M^m.  de  I'Acad.  de  D^on,  .^ 
2e  ser.  t.  2,  p.  7-128.    Tir.  k  part. 
-,  Note  sur  la  frequence  des  tremblementa  de  terre  reiatiyement  au  pfusage  de  la  lune 


au  meridien.    Compt.  Bend.  t.  38,  p.  16,  2  Jan.  1854.    Ce  MS.  est  reUe  avec  le  No. 
auquel  j'ai  encore  igoute  les  tableaux  inMits  laumis  k  la  Commission  pour  le  Bapport 
de  M.  £lie  de  Beaumont 
-,  Note  sur  les  Tremblementa  de  Terre  reesentis  en  1853.    Bull,  de  TAcad.  Boy.  de  "-' 


Belgique,  t  21,  Ure  part,  p.  457-495.    Tir.  k  part. 
— ,  la  mdme,  avec  Suppiementa  pour  les  ann^es  anterieures.    Mem.  de  I'Acad.  de  D\jon, 
2e  ser.  t  3,  p.  1-55.    Tir.  k  part. 
-,  Circulaire  reUtive  k  rObservation  des  Tremblements  de  Terre,  adressee  k  tous  lee 


Yoyageurs.    BulL  de  la  Soc.  de  Geog.,  4e  ser.  t  7,  p.  419-422,  Juin,  1854.    Tir.  k  part. 
,  Documentfl  relatifs  aux  Tremblements  de  Terre  du  Chili,  avec  Appendice  sur  les 


Tremblements  de  Terre  dans  la  province  de  la  Plata.    Ann.  de  la  Soc.  d'Agric.  de 
Lyon,  1854,  2e  sdr.  t  6,  p.  324-436.  8vo  de  pp.  206,  avec  Suppl.  MS. 
— ,  Note  BUT  les  Tremblements  de  Terre  ressentis  en  1854,  avec  Supplement  pour  les 
annees  anterieures.    Bull,  do  I'Acad.  Boy.  de  Belgique,  1 22,  Urepart  no.  6,  p.  526-^72, 
Juin  1855.    Tir.  k  part.   8vo  de  pp.  49. 
-,  Sur  les  Yolcans  et  Solfatares  de  Tile  de  Java,  renseignement  puise  dans  les  observa 


tions  reoentes  des  Hollandais.     Compt.  Bend,  t  42,  p.  115-116,  21  Janr.  1837.    Cest 
la  traduction  d'un  article  sur  une  solfatare  pres  de  Tj.  Aray,  par  M.  Benson,  dont  M. 
£lie  de  Beaumont  n'a  pas  ete  le  nom. 
-,  Note  sur  les  Tremblements  de  Terre  ressentis  en  1855,  avec  Supplement  pour  les 


annees  anterieures.    lere  partie.  Supplement,  BuU.  de  I'Acad.  Boy.  de  Belgique,  t  23 ; 

2e  part..  No.  7,  p.  23-68,  Juillet  1856. 

— ,  la  meme,  2e  mrtie.    Ibid,  t  24 ;  l^re  part..  No.  1,  p.  68-128. 

-,  Eruption  du  Manna  Loir  aux  llee  Sandwich.    Ann.  des  Voy.  Aout  1856,  p.  199-229. 


Cest  la  traduction  de  deux  lettres  de  M.  Coan,  suivie  de  quelques  remarques  sur 

reruption  du  Yeeuve  en  1855. 
— ,  Excursion  sur  quelques  Yolcans  de  Java  pendant  I'ete  de  1854.    Ann.  des  Yoy. 

Oct.  1856,  p.  36-65.    Cest  la  traduction  de  divers  eztraits  du  Memoire  de  M.  Teijsmann, 
*Bibliograpiiie  Seismique.    Mem.  de  TAcad.  de  D^jon,  2e  serie,  t  4,  p.  1-112,  1855; 

1 5,  p.  153-253, 1856. 
— ,  Sur  les  Tremblements  de  Terre  de  la  Peninsule  Iberique,  Ann.  de  la  Soc.  d'Agric  de 

Lyon,  t  10,  1847.    Tir.  k  part    8vo  de  pp.  50,  avec  Suppl.    MS. 
— ,  Note  sur  les  Tremblements  de  Terre  ressentis  en  1847.    Bull,  de  I'Acad.  de  Belgique, 

t.  5,  no.  5,  1848.    Tir.  k  part.    8vo  de  pp.  7. 
-,  la  mdme,  avec  Supplement  pour  les  annees  anterieures.    Mem.  de  TAcad.  de  Dijon, 


1847-48.    Tir.  k  part.    8vo  de  pp.  48.    Cest  une  2e  edition,  qui  pour  tous  mee  cata- 
logues annuels  est  publiee  dans  les  Memoiree  de  I'Acad.  de  D^on,  et  qui  est  plus  com- 
plete que  la  premiere. 
-,  Memoire  sur  les  Tremblements  de  Terre  de  la  Penineide  Italique.    Mem.  Cour.  et 


Mem.  des  Sav.  £tr.  de  la  Soc.  Belgique,  t.  22.    Tir.  k  part    4to  de  pp.  145,  2  pi.  et 
Suppl.  MS.     Le  meme  avait  ete  approuve  par  I'Acad.  des  Sciences  de  Turin  qui 
m'avait  vote  I'impreesion ;  voy.  Notizic  istoriche  dei  lavori  della  Clasee  delle  Scienze  nel 
corso  dell'  anno  1845.    Cette  notice  se  trouve  dans  notre  collection. 
— ,  le  meme,  MS.  4to,  avec  Introductions  ot  Considerations  inedites. 
-,  Documents  sur  lee  Tremblements  de  Terre  au  Mexique,  et  dans  I'Amerique  Centralc. 


Ann.  de  la  Soc.  d'£mul.  dos  Yosgee,  t.  6,  2e  cah.  1847.    Tir.  a  part.    8vo  de  pp.  37,  et 
Suppl.   <iMS. 


REPOHT — 1858. 

Ttem  (Aleiii).  IiiilnKitioii*  hut  rObivrvuiaii  d»  TrernblotuenM  dt  TUtb,     Ann.  H£tto. 

daFnnor,  1S4».  p.im~lil\.     Bitr,  gr.  gra. 
.  Commuiiimiuo  rrlatire  i  mes  nvherchm  i^trMpuctires  «ur  1m  TremblonienU  ds 

Terra,  fWilc  i  U  i^uiiion  de  U  8ot  O^ologique  u  fpinal  le  10  Sq>l.  1»47.    BoU.  de  U 

800.  (Wol..  2ei*r.  l.  4,  p.  l3Ua-14(X). 
. -,  Traduetion  du  Mimoire  de  M.  R.  Mallet,  intitule,  Sur  I'ObMiralion  dta  IWnbple- 

nMBta  de  Tenv,  »*«(■  notn  ■ddilionneite*  da  tndurtvur  et  nuTie  de  \a  Uale  dn  tremble- 

moita  de  terra  en  i848.  iMn.  HM^or.  de  FruKw,  2i>  ran.  J8M,  p.  279-300.  Xir.  iput. 
,  Documents  aur  iet  TramblemenU  dp  Terrs  et  siir  Uv  Emptiaiw  Volnaniquee  dajw  to 

buan  de  I'ocrten  ntluitJqiiK.    Uim.  de  I'Aaid.  d«  Dijufi.  an.  IS4T-l&f8.    Rstra  8to 

de  pp.  67.  iTcc  Huppl.    M8. 
_ — ,  Note  «ur  lea  Tremblninontj  dp  Terro  mMmtia  en  I84X.     Bull,  de  TAfad.  Boy.  de 

Beigi<(UB,  t.  10,  no.  3.  ISW.     Ettr.  ^ra  dp  pu.  ». 
-|1h  iD^me,  iree  tJuppl^ontB  pour  les  nniiim  itnl«ri«UR«.     M^m,  de  TAiad.  d«  Dijon. 

Tir.  i  part,     «TO  de  pp.  **. 
. ,  DoDitmenle  aur  Us  Trrmblemrnlii  do  Tnre  iIbiu  le  nord  du  I'  Europe  et  de  I'JUiM. 

^      Aim.  HigneL  et  H^Uor.  du  Coipa  dn  liig^i<iu«  dp  Kuauu,  mi.  IH4U,  p.  201-330.    Xir. 

i.  part.    St.  Petcrsboure,  IWO.  gr.  in-4(o,  A  2  vol.,  I  pi. 

,  \ft  mfimM,  luiTia  d'une  note  8ur  lee  TrpmblcnwuM  de  Ttrre  en  IfW.     Ann.  de  1a 

^       Soe.d'fimul.deeTMgee,  I.  C,  3c«ili.  1848.    Tir.  i  part.    H»odi>  pp.  71.  tvee  Supplement 

MS. 

— ,  Sur  lea  Tremblcmcnl*  do  Tirrc  dons  lea  tin  BrituiniquM.     Ann.  de  la  Boe.  tl'Agrio. 


'        de  Ljon.     2e  rtr.  t.  1,  lS4fi.     Tir.  A  wm.     8to  dv  pp.  71,  ivee  Sappl. 

_ .  Sole  BUT  Im  Trvmblemcnlt  de  Tom-  cii  IS49,  arte  Buppl*inBnl«  puur  ■»  aiinm 

■^     IM7  et  1848.    Bull,  de  I'Acad.  Roj.  dc  Beig.  t.  17,  no.  3.  IB.tO,    Tir.  A  purl.    Sto  io 
pp.  22. 

y  ,  Is  m^e,  Bvee  Suppl^eiitu  poiir  loe  «iin>'«a  uitManm.    Htm.  de  t'Amd.  de  O^on. 

■nil.  1860.    Tir.  i  mit.    8to  de  pp.  06. 

, ,  Sur  In  Ti«mblemBnt»  de  terrv  don*  U  Pfninaule  Turco-hnll'niquc.    Uini.  Cour, 

/     de  M6ni.  dea  Sbt.  £lr.  de  I'Acad.  de  Belgique.  t.  23.  1850.    Tir.  A  part.    iu>  do  pp.  73. 
•rec  Suppl.    MS. 

> ,  Sole  mir  tea  TremUpmenle  de  Torre  en  186().    BuU.  da  I" Acad,  do  Delgiqua.  t.  la, 

II0.4,  p.  291-306.    Tir.  ip«t. 

,  la  mime,  aree  Suppldmeitt  pour  lee  ann^  antjriourea.    Uim.  de  TAcad.  de  Dtjon, 

3e  aSr.  p.  1-3G,  18.10.    Tir.  A_p»rt. 

_,, ,  Sur kiB  Tremblemente  do Tem-  aia  EtstD  Uni»  et  hu  Canada.  Ann. de  la Boc. d'Cmul. 

dw  Vongfis  t.  7,  2e  mh.,  ISiiO.     Tir.  i  part.     8*0  de  pp.  C2,  awe  Suppl.     MS. 


Desiderata — -Ill-uriderstood  Phenomena,  §rc. 

Givnl  Sea- ffaiiM.— Perhaps  the  best  account  that  has  yet  beengiveii  of  the  phe- 
nomena of  great  sea-navee  (due  beynnd  quEetion  to  earthquake  or  volcanic  moTemeot 
□r  aea- bottom),  waa  communicated  by  Prof.  Bache  to  the  Americaii  AsaocJation  for 
the  Advancement  of  Science,  and  wa»  reprinted  alung  with  a  paper  "  On  the  Tides 
of  the  Atlantic  and  Pacific  Ocean,"  in  1856,  in  a  separate  forrei  by  Prof.  Bache,  at 
New  Havtn  for  private  circulation,  from  which  the  following  are  extracts. 

On  the  23rd  of  December,  1S54,  a  violent  earthquake  occurred  in  the  neigbbour- 
hocMl  of  the  Island  of  Niphon  (Japan),  the  local  sea- waves  of  which  wrecked  the 
Huaaian  frigate  '  Diana,' anchored  in  the  harbour  of  Siraoda.  A  correspondent  of  the 
■  New  York  Heraki,"  writing  from  Sh.inghae,  slates,—"  At  9  a.m.  on  the  23rd  of 
December,  weather  clciir,  therm.  72°,  batoin.  30",  a  scicre  shock  of  an  eanhquakc 
was  felt  on  board  the  frij^atc,  shaking  the  ship  m(l^it  st'verely.  1'he  shock  lusted 
full  five  minutes,  and  was  followed  at  quick  intervals  by  rapid  and  severe  shocks 
for  thirty  minutes."  At  Oh.  3m.  a.m.  the  sea  wus  observed  washing  into  the  bay 
ill  one  immense  wave  30  feet  hiuh,  witji  awful  velocity  ;  in  an  instant  the  town  of 
Siinoda  was  ovcrwhi'imcd  and  swept  from  its  foundations.  "This  advance  and 
recession  of  the  waters  recurred  five  times  "...."  by  2h,  3l)ni.  p.m.  all  was  quiet." 
The  lug-hnok  of  tht  '  Diana '  states  that  "  Ihe  disturbiince  commenced  at  9h.  15m., 
and  that  the  rising  and  falling  of  the  water  in  the  bav  produced  a  sudden  variation 
of  depth  from  loss  ilian  filccuo  moi.' than  40  ftci.     The  frigate  was  by  thi^  laid  four 
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times  upon  her  side,  once  in  less  than  4  feet  of  water."  Commodore  M.  C.  Perry« 
U.S.  Navy,  states,^"  That  the  whole  eastern  coast  of  Japan  seems  to  have  suffered 
from  this  calamity.  Yedo  itself  was  injured,  and  the  fine  city  of  Osaka  entirely 
destroyed.  At  3  p.m.  a  fresh  west  wind  was  blowing  at  Simoda.  The  agitktion 
of  the  water  and  the  movement  of  the  vessel  had  become  very  slow ;  barom.  2^'87t 
therm.  lO^^'S  Reaum.  (=56^-63  Fahr.)." 

From  other  sources  quoted  by  Prof.  Bache,  it  appears  that  on  the  same  day 
^23rd  Dec.)»  at  Peel's  Island,  one  of  the  Bonin  Islands,  there  was  also  (the  hour 
not  stated)  a  sudden  wave  rise  of  15  feet  above  high  water,  followed  by  a  recession 
which  left  the  reefs  entirely  bare.  The  tide  continued  to  rise  and  fall  at  intervals  of 
fifteen  minutes,  gradually  lessening  until  the  evening.  Again  on  the  evening  of  the 
25th  of  December  (as  to  which  time  there  is  no  account  of  a  second  earthquake), 
the  water  rose  in  like  manner  12  feet. 

The  United  States  Coast  Survey,  so  ably  superintended  by  Prof  Bache,  possesses 
stations  of  observation  furnished  with  self- registering  tide-gauges,  at  San  Diego, 
San  Francisco  and  Astoria,  on  the  Pacific  Coast;  and  Prof.  Bache  presented  to  the 
Association  the  curves  traced  by  those  instruments,  in  which  the  comparative 
heights  and  times,  and  the  mean  heights  and  times  at  San  Francisco  and  San  Diego, 
are  given ;  also  the  tidal  curves  for  both,  with  the  abnormal  oscillations  superimposed; 
and  lastly,  three  diagrams,  in  which  the  tidal  level  being  reduced  to  a  horizontal  line, 
the  abnormal  waves  alone  are  shown,  for  Astoria,  San  Francisco  and  San  Diego. 

I  can  only  refer  to  the  original  for  the  full  results  deducible  from  these  valuable 
observations,  and  repeat  here  in  brief  some  of  their  facts  : — 

"  The  San  Francisco  curve  presents  three  sets  of  waves  of  short  interval:  the  first 
begins  at  4h.  12m.  and  ends  at  8h.  52m.,  the  interval  being  4h.  40m. ;  the  second  begins 
at  9h.  35m.  and  ends  at  13h.  45m.,  the  interval  being  4h.  10m. ;  the  beginning  of  the 
third  is  about  13|h.,  and  its  end  not  distinctly  traceable.  The  crest  of  the  first  large 
wave  of  the  three  sets  occurred  at  the  respective  times  of  4h.  42m.,  9h.  54m.,  and 
14h.  17m.,  giving  intervals  of  5h.  12m.,  and  5h.  23m." 

"  The  average  time  of  oscillation  of  one  of  the  first  set  of  waves  was  35m.,  one  of 
the  second  31m.,  and  one  of  the  third  about  the  same.  The  average  height  of  the 
first  set  of  waves  was  0*45  foot  on  a  tide  which  fell  2  feet ;  of  the  second  0*19  foot 
on  a  tide  which  rose  3  feet;  and  of  the  third  0*19  foot  on  a  tide  which  fell  about 
7  feet ;  the  phenomena  occurring  on  a  day  when  the  diurnal  inequality  was  very 
considerable.  The  greatest  fall  of  the  tide  during  the  occurrence  of  the  first  set  of 
waves  was  0*70,  and  the  corresponding  rise  0*60  foot.  In  the  second  set  the  corre- 
sponding quantities  were  0*30  and  0'20  foot ;  in  the  third  the$e  waveg  would  not  havt 
attracted  generol  attraction,"  There  is  a  general  analogy  in  the  sequence  of  the 
waves  of  the  three  sets,  which  seem  to  mark  them  as  belonging  to  a  recurrence  of 
the  same  series  of  phenomena.  The  series  itself  looks  like  Uie  result  of  several 
impulses,  not  of  a  single  one,  the  heights  rapidly  increasing  to  the  third  wave,  then 
diminishing  as  if  the  impulse  had  ceased,  then  renewed  and  then  ceased,  leaving  the 
oscillation  to  extinguish  itself.  If  we  had  a  corresponding  account  of  the  facts  as 
they  occurred  at  Simoda,  the  subject  would  lose  the  conjectural  or  rather  the  in- 
complete character  that  belongs  to  it.  Although  there  is  no  account  of  the  place  of 
origin  of  the  earthquake,  yet  its  violence  on  the  Japanese  coasts  and  its  diminished 
effects  at  Peel's  Island,  as  well  as  the  times  of  arrival  of  the  waves  at  the  Japanese 
and  Pacific  American  coasts,  prove  that  it  must  have  been  beneath  the  sea,  and  not 
far  distant  from  Japan.  "  Five  distinct  waves  in  succession  rolled  in  at  Simoda ; 
eight  are  shown  by  the  San  Francisco  gauge,  of  which  seven  were  of  considerable 
height."  It  seems  not  improbable*  although  this  does  not  appear  to  have  occurred 
to  Prof.  Bache,  that  three  of  the  San  Francisco  waves  may  have  been  reflected  wave* 
only.  The  bigliiest  wave  at  Simoda  was  estimated  at  30  feet,  at  Peel's  Island  15  feet, 
at  San  Francisco  0*65  foot,  and  at  San  Diego  0*50  foot. 

At  San  Diego,  the  gauge  shows  distinctly  the  same  three  series  of  waves.  The 
first  begins  at  Ih.  22m.  later  than  at  San  Francisco,  correcting  for  difference  of 
longitude,  and  ends  52m.  later.  The  interval  is  30m.  less  than  at  San  Francisco, 
the  oscillations  being  rather  shorter  than  at  the  latter  point.  The  second  begins  at 
54m.  later  than  at  San  Francisco  and  ends  34m.  later.  The  third  begins 
about  54m.  later  than  at  San  Francisco.    The  average  time  of  oscillation  of  the 
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first  BCt  U  31m.,  of  the  nceonit  29ai.,  treing  tlia»  rospectively  4m.  and  2(n.  shorlrr 
than  at  San  Francisco.  The  avera^^  height  of  the  first  set  of  wovm  waa  0-17  fmil 
lower  than  at  San  Francisco,  aud  ihe  second  a»  much  high*r.  This  fact,  Isltpn  with 
thp  ditference  in  the  tiincB  of  oscHJation,  induces  Prof.  Bache  to  suppose  that  the 
difference  in  the  two  series  was  due  to  interference,  wbieh  ia  also  suRgesteii  by  th* 
position  of  San  Diego  in  reference  to  the  islands  separating  the  Santa  Barbara  Suunil 
from  the  ocean. 

The  differeucc  in  the  periods  of  tide  on  the  arrival  of  the  waves  at  «ach  place 
wQolU  tend  to  prodnce  discrepancies.  The  first  series  at  Sao  Diego  arrived  on  a 
rising  tide  of  i  feet,  while  at  San  Francisco  it  was  upon  a  falling  tide  of  2  feet.  The 
second  at  San  Diego  arrived  at  near  high  water,  and  was  chiefly  opon  a  falling  tide 
of  7  feet,  while  at  San  Francisco  it  was  upon  a  rising  tide  of  4  feet. 

The  forms  of  the  waves  accord  remarltfthlf  at  both  stations. 

The  tide-gauge  at  Astoria  gives  less  instructive  results,  the  bar  at  the  entrancf  of 
the  Columbia  River  having  no  doubt  broken  up  and  greatlf  reduced  the  waves,  even 
if  they  arriviid  at  the  entrance  unbroken.  The  gauge  ahowed  a.  disturbancf,  but 
irregular  aud  confused,  which  was  also  apparently  preceded  by  (other)  unusual 
oscillations  of  tlie  water ;  and  Prof.  Bache  sees  reason  to  think  that  the  San  Diego 
gauge  indicates  diaturbances  of  the  water  of  an  abnormal  character  prewowr  to  the 
great  earthquake  shoch.  as  well  as  following  it  at  intervals  for  several  days.  The 
normal  lime  for  high  and  low  water  does  not  seem  to  have  been  ilisturhed  by  the 
superposition  upon  the  tide-wave  of  the  abnormal  or  earthquake  waves. 

From  these  results  Prof.  Bache  dravra  the  foliowmg  conclusions  aa  to  the  rale  of 
translation  of  the  great  sea- waves  of  the  earthquake. 

The  latitudes  and  longitudes  of  the  stations 


San  Diego  33  42  117   13  7  4!! 

San  Francisco 37  48  123  20  S   10 

Simoda    34  40  131  62  14  44 


I 


The  distance  from  San  Diego  to  Simoda  is  therefore  4917  nautical  mites,  aitd  from 
San  Francisco  to  Simoda  4527  nautical  miles.  Assuming  the  HrsE  acciiunC  of  the 
disturbance  at  Simoda  at  9  a.m.  or  at  2l!d.  23h.  44m.  Greenwich  mean  time,  and  the 
first  great  wave  30  minutes  afterwards.  Prof,  liache  proceeds  to  calculate  the  rate. 
There  appears  to  be  some  typographical  errors  in  the  figures,  which  slightly  aRtct  the 
result  which  he  arrives  at,  viz.  363  miles  per  hour,  or  60 miles  per  minute.  Cor- 
recting the  erroneous  figures,  the  result  would  appear  to  be, — the  first  disturbance  at 
San  Knuicisco  was  at  23d.  13h,  22m.,  or  12h.  3Sm.  alter  that  at  Simoda,  and  the 
first  great  wave  at  23d.  4h.  4Sm.,  giving  the  same  interval  {of  30m.).  The  distance 
and  time  therefore  give  a  rate  of  368  miles  per  hour,  or  596(i  miles  per  minute. 

Assuming  the  second  account  (Ph.  t5m.),  the  time  of  transmission  when  reduced 
would  be  I3h.  13m.,  and  the  rate  of  translation  370  miles  per  hour,  or  6'iO  miles 
per  minute. 

The  San  Diego  observations,  assuming  9h.  Om.  as  the  time  of  transmission  at 
Simoda,  give  I3h.  SOm.,  which,  when  reduced,  gives  a  rate  of  translation  of  355 
miles  per  hour,  which  is  almost  identical  with  the  corrected  reduction  of  the  San 
Francisco  observations. 

Although  not  directly  connected  with  our  subject,  it  is  interesting  to  state  that 
Prof.  Bache  deduces  from  these  results  a  probable  mean  depth  for  the  Pacific  Ocean 
on  the  paths  traversed  by  these  great  sea-waves  of  from  2100  to  2500  fathoms. 
(See  also  Amer.  Journ.  of  Science,  vol.  «xi.  2  scr.  January  185r..) 

I  deem  no  apology  needed  for  this  lengthened  abstract  of  Prof.  Bnche's  communi- 
cation, not  only  because  it  is,  up  to  the  present  time,  almost  the  only  record  of 
scientific  pretensions,  of  the  phenomena  of  earthquake  great  sea-waves,  but  as  a 
model  for  tlioae  who  may  be  engaged  in  tidal  observations  upon  British  or 
Kiiropean  coasts,  of  what  is  needed  to  make  their  results  connect  usefully  with  the 
requirements  of  those  occupied  in  seismical  inquiry.  The  extreme  value  of  self- 
registering  tide-gauges,  and  the  great  im|iortance  of  muhiplying  these  round  our 
own  coasts,  and  upon  those  nf  our  Mediterranean  and  antipodal  stations,  are  forcibly 
shown    hy    the     remark    iif   Hacht-,    that    but   for   Ih         ' 
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occurrence  on  the  North  American  coast  of  these  sea- waves,  which  had  traversed 
the  whole  vast  hreadth  of  the  Pacific,  a  distance  equal  to  one-fifth  of  the  earth's 
circumference,  would  have  actually  passed  unnoticed.  Had  there  been  a  competent 
self-registering  tide-gauge  at  Simoda,  we  could  probably  have  fixed  exactly  the  spot 
beneath  the  ocean  at  which  the  earthquake  disturbance  originated. 


There  U  also  a  ela$8  of  doubtful  great  $ea'Wave$,  for  the  investigation  of  which 
such  self-registering  instruments  would  afford  precious  data. 

It  has  been  manv  times  observed  at  various  stations  round  our  own  British  coasts 
(as  well  as  abroad),  that  abnormal  tides  have  occurred,  or  that  solitary  waves  of 
translation  have  reached  the*shore,  at  abnormal  periods,  or  at  uncertain  periods  of 
repetition,  which  could  not  be  confounded  with  any  recognized  tidal  phenomena. 

Such  waves  have  vefy  customarily  been  referred  to  earthquakes  for  their  origin  of 
late  years ;  yet  very  many  examples  occur  in  which  there  has  been  no  account  of 
contemporaneous  earthquake,  either  in  the  offing  at  sea,  or  in  any  other  direction. 
And  the  question  arises,  are  such  abnormal  waves  alwajrs  to  be  attributed  to  earth- 
quakes (whether  observed  or  not),  or  may  they  possibly  be  produced  by  some  nodal 
action  or  other  disturbance  far  out  at  sea  of  waves  of  other  classes,  and  if  so,  of  what 
nature  ? 

It  will  be  advantageous  to  adduce  some  examples,  and  the  rather,  as  I  am  enabled, 
through  the  obliging  attention  of  the  Commissioners  of  Public  Works  in  Ireland,  to 
state  one  of  much  interest  and  in  some  detail,  of  which  no  full  account  has  yet 
appeared. 

fiut  first  we  may  notice  such  an  occurrence  on  the  coast  near  Whitby,  Yorkshire, 
copied  from  the  York  '  Herald '  of  March  8,  1856,  for  which  I  am  indebted  to  Mr. 
William  Gray  of  York, 

'*  York,  March  8,  1856. 

"  Robin  Hood's  Bay.— On  Sunday  last,  the  2nd  instant,  at  10  a.m.,  the  tide  being 
then  about  two-thirds  flood,  the  following  phenomenon  was  observed : — ^I'he  rocks, 
which  had  been  bare  just  previously,  were  observed  to  be  completely  submerged. 
The  water  then  fell  back,  and  again  returned,  rushing  with  considerable  force  over 
the  rocks  and  beach.  Tliis  was  repeated  two  or  three  times,  the  water  running  up  a 
moderately  inclined  beach  the  distance  of  thirty  yards. 

"  A  remai  kable  phenomenon  of  the  tides  was  observed  at  Whitby  on  the  2nd 
inst.  At  a  quarter  to  ten  o'clock  in  the  morning,  being  an  hour  and  a  quarter 
before  high  water,  the  sea  suddenly  rushed  up  Whitby  harbour,  rising  in  dif- 
ferent places  from  18  inches  to  3  feet,  driving  a  laden  lighter  from  its  moorings, 
and  causing  much  commotion  amongst  the  small  craft.  It  then  receded,  but  was 
followed  by  other  and  similar  waves,  so  that  the  tide  appeared  to  ebb  and  flow  six 
times  in  the  space  of  little  more  t]^n  an  hour.  \  vessel,  which  was  entering  the 
harbour  at  the  time,  was  alternately  afloat  and  aground  on  her  passage  up,  according 
to  the  level  of  the  water.  About  midnight  of  the  same  day,  the  harbour- officers 
observed  a  recurrence  of  the  event,  and  in  the  first  hour  of  Monday  the  rush  of 
water  appeared  to  be  much  more  powerful  than  on  Sunday  morning.  About  eleven 
o'clock  on  Sunday  night,  Mr.  Tose,  the  haibour- roaster,  having  observed  a  mark 
which  indicates  that  the  tide  was  sufficiently  high  for  a  vessel  then  in  the  roads  to 
enter  the  harbour,  went  up  the  lighthouse  and  lit  the  gas-signal.  On  his  return  to 
the  pier,  he  was  astonished  to  find  that  though  the  tide  ought  to  have  risen  higher, 
it  had  fallen  considerably  below  the  mark.  Being  afraid  the  vessel  would  take  the 
harbour,  he  was  about  to  extinguish  the  light,  when  suddenly  the  tide  rose  far  above 
the  mark  above  referred  to.  At  Staithes  and  Robin  Hood's  Bay,  the  phenomenon 
was  also  observed.  The  rushes  of  water  resembled  what  are  known  in  some  rivers 
as  '  bores,'  but  on  a  much  larger  scale.  Such  phenomena  often  accompany  sub- 
terraneous disturbances,  and  on  some  occasions  they  have  been  terribly  destriictive. 
As  no  earthquake  has  been  felt  in  these  parts  recently,  it  is  difficult  to  account  for 
the  phenomenon,  and  it  can  scarcely  be  referred  to  atmospheric  causes.  It  would 
be  interesting  to  learn  whether  a  similar  occurrence  took  place  on  other  parts  of  the 
coast.     Dr.  Young,  in  his  '  History'  of  Whitby '  (page  792),  remarks,  '  To  volcanic 
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agency  may  bo  Mcribwl  this  rcaiarksbl«  plienomenon.  ihat  on  ihe  ITth  July.  I 
tbe  tiile  r»c  and  Tell  at  Wbitby  Tour  times  in  an  bour.' " 

Aoalugbus  phenomena  hare  been  obaerved  at  Pcgwell  Bay,  on  thrsoathem  cuatt. 
during  the  present  year. 

Tbe  foUowing  dncumenCs  refer  to  the  obKnations  or  such  waven  made  apon  the 
cout  of  Wexford,  Ireland,  id  1654. 

The  '  Wexfon)  Indepradeat,'  a  local  journal  of  Ihe  37tb  September,  1954,  givea 
ihe  foJIoving  account ; — 

"Extraordinary  Pheiioiaenoa, — We  are  indebled  to  Mr-  William  Campbell,  thf 
prufeeaiaual  helmet -diver,  who  haa  done  so  much  for  Ilie  improvement  of  the  new  pier 
of  Kilmore,  by  blasting  and  removing  tbe  rocks  which  impeded  iti  entrftncr,  for  the 
following  account  of  an  extraordinary  phenomenon,  witneased  there  on  Saturday 
evening,  Sept.  IGth,  I6&i.  'I  waa'  (writes  Mr.  Campbell)  'in  one  of  our  boats 
HeeliiDg  afler  some  implementa,  and  net  looking  eeawarda,  when,  on  a  sudden,  I  heard 
a  mighty  ruah  of  water  again«t  tbe  back  of  the  pier,  and  in  a  moment  it  came 
sweeping  round  the  pier-head,  full  3  feet  high  and  abreaat.  It  was  within  one  hour 
and  a  half  of  low  water  at  the  time.  The  inner  duck  was  crowded  with  the  small 
■ailing  craft  of  the  place,  and  quite  dry,  the  tide  being  more  than  four  hours 
on  ebb.  In  less  than  five  minutes  every  boat  was  aAoat,  and  we  bad  high  water. 
In  five  minutes  more  the  water  ebbed  again  to  the  lowest  Bpring-tide.  This  wa* 
repeated  seven  times  in  the  course  of  two  hours  and  a  half.  St.  Patrick's  Bridge  woi 
alternately  dry  and  covered  to  the  extent  of  a  mile,  and  the  sea  formed  a  cascaild 
from  end  to  end  of  it.  Che  influx  appearing  to  come  from  the  eaat.  At  the  same  lime 
the  sea  was  not  by  any  means  rough  nor  heaving.  Standing  on  tlie  top  of  the 
parapet  wall  of  the  pier,  I  could  descry  two  diiferent  currents  running  parallel,  and 
coouter  currenta  to  these  quite  visible,  the  discoloured  water  running  ea^l  at  a  rate 
of  ten  or  twelve  miles  an  hour,  and  the  inlerveniiig  water  of  the  original  green  hue, 
and  stationary.  These  tide  currents  were  as  far  out  as  the  shore  of  the  Sallee 
Islands,  1  can  only  compare  the  current  to  the  oi>ening  of  a  sluice  gate.  Iliere  was 
no  damage  done  to  any  of  tbe  craft,  more  than  the  bursting  of  a  few  warpa.  Had 
the  occurreoce  taken  place  at  the  period  of  high  water,  the  result  would  have  been  tbe 
complete  overflow  of  the  land  in  the  district,  and  consequent  immense  loss.  We 
have  ofLeo  beard  old  people  of  that  place  say  that  on  the  Sunday  after  Lisbon  was 
destroved  Uy  Ihe  earthquake  of  November  1,  1755,  the  dav  being  remarkably  line, 
tbe  sen  at  Kilmnre  f^uddcnlv  rose  and  fell  in  like  manner.  This  occurrence  the  oilier 
day  has  been  owing,  no  dolibt,  to  some  similar  and  distant  cause.' " 

The  phenomena  alluded  to  in  the  above  paragraph,  from  the  '  Wexford  Indepen- 
dent,' are  not  unknown  on  the  Waterford  coast,  and  are  there  popularly  termed 
'  death  waves.'  It  is  nut  very  long  since  two  ladies  had  a  narrow  escape  of  l>eing 
washed  out  to  lea  at  Dunmore,  by  a  sudden  wave,  which  surprised  them  whilst  aeated 
at  a  considerable  distance  above  high-water  mark  on  the  beach. 

Repeated  instances  are  on  record  of  such  waves  upon  the  north-east  coast  of 
England  and  upon  the  south-west  coast  of  Ireland,  as  well  as  in  many  other  places 
(see  also  Second  Report,  p.  47-4S),  end  even  on  the  eaat  coast  of  Africa. 

For  the  following,  1  am  indebted  to  the  Commissioners  of  Public  Worka,  Ireland ; — 
"  Office  of  Public  Works,  October  19,  IBSl. 

"  Sir, — I  am  directed  to  transmit  herewith  a  copy  of  a  report  which  the  Board 
have  received  from  James  B.  Farrell,  Esq.,  Countv  Surveyor  of  Wexford,  respecting 
an  extraordinary  tidal  phenomenon  at  Kilmore  on  the  coast  of  that  county  on  the 
l6th  ultimo.  ITie  Board  send  this  report,  considering  it  will  he  interesting  to  you, 
on  the  subject  of  carlliquakca,  to  which  vou  are  giving  your  allention. 

■■To  Robert  Mullit,  Ks(|.-  '  '■■  W.  Moonev,  pio  Sec.- 

"Wexford.  October  1(1.  1854.— In  compliance  with  the  riquest  of  the  Com- 
missioners, cunluiiied  in  your  note  of  Ihe  22nd  ultimo,  1  forwanied  a  newspaper  in 
which  was  an  account  of  the  tidal  phenomenon  at  Kilmore. 

■'  Since  llien  J  have  made  inquiries  along  the  cdusI,  tracing  from  .\ew  Ross  round 
by  Ballyhack.  Arthutstown,  Diincannon.  Hook  Head,  Sladc.  KVlliard,  Rnnriow,  and 
on  towards  (.'arnsore  Point. 

■■AsfarasBannow  nothing  unusual  was  obscr\'cd.   The  ('o.i>t. Guard  near  there. 
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although  one  was,  as  is  customary,  on  the  '  look-out '  at  the  time  of  the  occurrence, 
noted  no  disturbance.  It  appears  to  have  been  perceived  about  two  miles  east  of 
this  station,  near  the  point  indicated  by  the  line  A  on  the  accompanying  map, 
Plate  XIII.,  and  seems  to  have  been  confined  between  this  and  the  line  B.  At 
'  Ballyhealy,'  a  little  farther  east,  it  was  not  observed. 

"  From  inquiries  into  the  details  of  the  appearance,  I  learned  from  Mr.  Campbell 
at  Kilmore,  that  six  distinct  ridges  of  water,  about  2  or  3  feet  high,  passed  from  the 
west  towards  the  east,  very  much  discoloured  and  carrying  with  them  large  quan- 
tities of  sea- weed.  There  was  a  considerable  space  between  each  pair  in  which  the 
water  was  of  its  usual  colour,  and  quite  calm,  as  was  the  sea  generally,  there  being 
no  wind  to  disturb  it. 

"  These  ridges  did  not  proceed  in  (broken  ?)  waves,  but  in  continuous  lines,  and 
passed  on  apparently  unchecked,  while  the  tide  rose  and  receded  on  the  shore  within 
them,  which  it  did  seven  times.  It  is  stated  that,  at  the  second  reflux,  the  water  fell 
lower  than  it  was  ever  known  by  the  residents  there  to  fiaill  before. 

"  It  would  appear  that  the  ridges  maintained  their  velocity  sufficiently  to  force 
back  the  ebb,  which  flows  rapidly  round  Carnsore  Point  (nearly  three  knots  an  hour) 
until  they  passed  St.  Patrick's  Bridge,  where  the  ebb-tide  regained  its  motion  west- 
ward in  the  shape  of  the  'cascade'  mentioned  by  Mr.  Campbell  in  the  printed 
account. 

"The  disturbance  lasted,  according  to  his  statement,  from  20  minutes  past  4  to 
nearly  7  o'clock  p.m. 

"  On  inquiring  at  the  '  Bar  of  Lough,'  I  found  that  at  about  half-ebb  the  watch- 
man at  the  Uoast-Guard  Station,  who  was  in  the  watchhonse,  which  is  built  on  the 
edge  of  the  sea,  felt  the  floor  tremble  under  his  feet,  and  at  the  same  time  the  fire- 
irons  and  other  articles  of  furniture  shook  and  rattled  audibly.  He  was  also  startled 
by  '  an  extraordinary  noise  '  outside.  On  going  out  to  ascertain  the  cause,  he  found 
that  a  large  wave  was  forcing  back  the  ebb.  This  was  repeated  three  times.  The 
first  wave  only,  however,  was  accompanied  by  noise. 

"  A  schooner  was  lying  inside  the  Lough,  at  the  place  marked  C,  from  the  master 
of  which,  I  learned  that  his  vessel  was  three  times  swung  round,  standing  alter- 
nately to  the  flood  and  ebb.  He  was  below,  when  he  had  the  first  intimation  of  it, 
and  described  his  being  affected  with  a  strange  sensation,  as  if  he  were  getting  sick. 
This  I  believe  is  not  uncommon  in  cases  of  earthquake. 

"  Mr.  Lett,  R.N.,  the  Coast-Guard  officer  here,  upon  whom  I  called,  made  to  me 
a  statement  confirming  what  I  had  collected  bv  inquiry. 

"  There  seems  little  doubt  that  the  whole  tning  was  caused  by  a  slight  shock  of 
earthquake. 

"  From  the  information  I  had  at  Kilmore  from  Mr.  Campbell,  I  have  laid  down 
lines  on  the  accompanying  map,  exhibiting  the  ridges  as  described  by  him,  and 
endeavouring  to  illustrate,  by  the  curved  arrows,  the  action  of  the  ebb-tide  upon 
them.  "  Jambs  B.  Farrbll,  We^ord  County  Surveyor," 

"  With  reference  to  the  communication  addressed  to  you  on  the  tidal  action  on 
Wexford  coast,  I  may  mention  that  since  it  was  sent  to  you,  further  information 
shows  that  it  extended  beyond  the  limits  marked  by  Mr.  Farrell,  having,  by  the 
report  of  the  Coast-Guard,  turned  Carnsore  Point :  he  has  written  to  the  Inspect- 
ing Commander  of  the  Coast-Guard,  to  request  he  will  follow  it  up,  and  ascertain 
how  far  north  the  effect  was  observed. 

"  Yours,  dear  Sir,  faithfully, 
"  To  Robert  Mallet,  Esq.  " Jno.  Radcliffb." 

21  Oct.  1854." 

Referring  to  Plate  XIII.,  it  would  appear  probable  that  the  primary  cotidal  line  of 
these  waves  was  about  in  the  direction  C  C  of  the  heavy  dotted  line,  and  t^at  the 
change  of  direction,  on  approaching  the  shore  aboot  B,  was  due  to  the  conjoint 
effects,  of  the  meeting  ebb  tidal-stream  round  Carnsore  Point,  of  reflection  at  the 
Saltees,  and  of  inequality  of  bottom  on  reaching  the  inshore  shoal-waters. 

An  almost  identical  train  of  phenomena  occurred  at  the  same  point  upon  the 
Wexford  shore  on  Sunday,  12th  September,  1841.  The  account  is  given  by  Milne, 
"  On  British  Earthquakes,"  Edinb.  New  Philos.  Joum.  vol.  xxxvi.  p.  83,  and  copied 
18.58.  K 
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from  ■  We»foTd  new«pa|>er  ; — "  The  d«y  was  mittf  und  dark,  wind  3.8. W.  to  P 
Thunder  heard  at  noun  ;  wind  lulled,  and  fog;  became  dense.  At  Kilmorc,  ten  milra 
Booth  or  Wexford,  and  dir«clly  oppoeile  the  Sallee  Islanda.  about  nfMin,  a  number  of 
short,  loud,  smothered  reports  tike  cannoD  were  heard.  The  tide  had  floRed  conitider- 
ahly  at  the  time,  and  the  fishing-boats  at  the  pier  were  all  afloat,  when,  within  the 
space  of  two  or  three  minutea.  the  water  suddenly  receded  from  the  pier,  and  people 
walked  dry-shod  where  a  little  before  there  hail  been  five  to  six  feet  of  water. 
After  a  few  minutes,  again  the  tide  began  as  suddenly  to  return  ;  nnd.  after  rc- 
■uming  its  level,  continued  to  rise  to  high  water  in  the  usual  way.  There  was  no 
extraordinary  commotion,  only  an  increased  surf.  The  sky  cleared  after  thunder 
and  showers." 

The  quest  ion,  however.berechielly  in  pointis.whence  come  the?*  waves,*  what  is  their 
origin?  The  direction  oftranslation, on  entering  the  wide  Bay  orDsllyleague,  herewas 
almoat  eiactly  from  the  south-west,  and  if  transmitted  from  a  considerable  distance, 
the  origin  of  disturbance  must  have  been  beneath  the  deep  watcm  of  the  Atlantic 
OcesD,  ftnd  it  Is  scarcely  probable  that  an  earthquake  blow  sufficiently  powerful  to 
have  originated  waves  so  large  after  so  long  a  IraiuroisBion,  should  have  occurred  and 
not  have  been  generally  felt  in  the  South  of  Ireland,  where  the  hard  and  elaatic  cha- 
racters of  all  the  formations  are  so  favourable  to  the  distant  transmission  of  impulses. 
It  is  equally  difficult  to  assume,  as  here  operative,  a  condition  which  upon  coasts 
of  »hos1  water  and  encumbered  with  banks  and  bars,  may  uniiaestiooably  originate 
great  sea- waves,  and  which  very  probably  is  actually  the  cause  of  thoite  ofnot  un- 
frequent  occurrence  upon  the  east  and  south-east  coasts  of  l^ogland. 

Almost  all  grvat  sobmarine  banks  are  conslaully  subjected,  at  the  same  time,  to 
aggregation  by  deposition,  and  to  partial  degradation,  by  the  sweeping  away  of 
material  along  their  bases  and  ftaiiks.  by  tidal  action,  either  constant  or  at  certain 
periods  of  tide.  Deposition  lakes  place  by  vertical,  or  more  or  less  inclined  preci- 
pitation of  suspended  matter;  this  form  of  degradation,  by  horiiontal  removal. 
The  conjoint  effect  is  very  frequently  to  ivernur  ihr  tltrpiiat  ef  Ihf  attglt  of  tUtpt 
of  Ihe  drgradimg  Jhnk  iff  /Ae  bank,  matter  being  constantly  added  on  top  and  re- 
moved from  lower  down,  and  with  most  energy  at  a  level  intermediate  between  the 
suiface-water  and  bottom. 

A  time  arises,  therefore,  at  which  the  angle  of  slope  of  the  bank  is  increased  be- 
yond the  limits  of  repose  of  the  material,  whether  mud,  sand  or  gravel,  or  any  mix- 
ture of  these  ;  and  then  n  great  nnder-wnler  slippage  takes  place,  and  a  mass  often 
of  enormous  magnitude  at  once  slides  from  the  top  and  ilank  of  the  hank  down  into 
deep  water,  and  spreads  and  levels  itself  out  upon  the  bottom,  to  be  in  its  turn  swept 
away  and  replaced  by  fresh  materials  and  to  give  nee  to  another  slippage,  'llius,  io 
figs.  9  &  10,  if  *,  t  represent  the  surface  of  the  aek,  b,  6  (fig.  9)  the  se*-boUom  in 

Fig.  9. 


transverse  section  through  the  flank  of  the  bank  in  a  plane  at  right  angles  to  the 
stream  of  abrasion  ;  then,  at  the  point  where  the  equilibrium  of  repose  of  the  mass 
is  lost,  the  mast  r,  n  slips  and  is  suddenly  transported  from  its  original  position  to 
n,  m.  The  effect  upon  the  surface  of  the  sea,  is  at  the  s.ime  moment  to  originate  a 
positive  and  a  negative  wave,  in  and  v,  wliusc  crests  shall  more  or  less  a]>proiimate 
to  the  general  line  of  the  flank  ul  the  iMUik ;  and  these  will  l>e  immediately  succeeded 
by  two  solitary  wavcfi  of  translation,  a  greater,  ic  [fig.  10),  and  a  less,  v,  whose  mo- 
tions of  translation  will  be  oppoEjitc. 
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The  magnitttde  of  the  wave  raised  is  dependent  upon  that  of  the  mass  of  solid 
material  that  has  suddenly  changed  its  place,  upon  the  depth  of  water  in  which  the 

Fig.  10. 
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slippage  has  occurred,  upon  the  rapiditj^  of  the  transposition,  and  in  a  minor  degree 
upon  3ie  form  and  material  of  the  portion  of  the  bank  that  has  slipped.  Where  the 
depth  of  water  is  very  great,  its  effects  at  the  surface  may  be  quite  msensible  at  the 
place ;  but  when  this  low  broad  flattened  wave  of  only  a  few  inches  becomes  heaped 
up  on  shelving  shores  or  tidal  estuaries,  it  may  then  become  very  apparent,  and 
perfectly  so  to  accurate  tide  gauges.  Where  the  water  is  comparatively  shallow, 
as  it  usually  is  where  large  and  heavy  banks  occur,  there  the  undulatory  effects  on 
the  surface,  even  at  the  seat  of  disturbance,  will  be  considerable.  We  have  then 
a  simple  mechanism  abundantly  sufficient  to  account  for  the  occurrence  of  some 
such  abnormal  tide-waves  or  great  sea-waves  as  have  been  noticed ;  but  while  thus 
a  vera  causa,  is  it  the  cause  of  any  of  those  phenomena  that  have  been  observed, 
and  which  do  not  appear  to  have  been  accompanied  by  earthquakes?  This,  as  well 
as  all  the  hydrodynamic  phenomena  of  such  sea-waves,  I  would  commend  to  the 
careful  attention  of  fiiture  observers.    (See  First  Report,  p.  61.) 


Stoppage  qflUvert. — Throughout  earthquake  narratives,  nothing  is  more  commonly 
recorded  amongstthe  secondary  phenomena,  than  sudden  derangements  of  the  ordinary 
and  prior  regimen  of  springs,  wells,  and  especially  of  rivers.  Almost  all  such  facts  admit 
of  simple  explanation ;  and  in  the  case  of  rivers,  the  sudden  drying  up  or  stoppage  of 
their  streams,  has  been  most  usually  due  to  sudden  damming  up  by  the  fail  of  <Mfri$ 
of  rocks  from  precipices,  &c.  across  the  river-beds,  usually  at  narrow  gorges,  where 
the  damming  can  easily  take  place,  and  whence  it  b,  by  the  posterior  rising  of  1^ 
waters,  afterwards  swept  away  or  gradually  removed  by  floods,  &c. ;  often  also  on  a 
grander  scale,  it  arises  from  the  occurrence  or  greatlandslips(incountrie8of  deep  alluvial 
or  other  little  coherent  formation),  bulging  out  into  the  river-beds,  and  temporarily 
shutting  them  up,  and  either  forcing  the  streams  into  new  channels,  or  damming 
them  up  until  the  waters  produce  a  debacle  and  sweep  away  the  obstacle. 

fiut  not  a  few  cases  are  upon  record  of  sudden  stoppages  in  the  ordinary  supply 
of  water  in  river  streams,  not  known  to  have  been  connected  with  any  earthquake, 
or  with  any  sufficient  and  explainable  cause.  Perhaps  the  phenomena  cannot  be 
more  briefly  set  forth  than  by  transcribing  a  notice  from  '  Chambers's  Edinburgh 
Journal'  for  Jan.  19,  1839,  No.  364.  p.  412  : — 

"  Late  Stoppage  of  Rivers  in  the  South  of  Scotland. — Most  of  our  readers  have 
probably  read  the  accounts  which  appeared  in  the  newspapers  of  a  simultaneous 
stoppage  of  the  rivers  Teviot,  Clyde,  and  Nith,  on  the  27th  of  November  last ;  yet, 
as  many  may  not  have  heard  of  it,  and  few  may  have  paid  to  it  the  attention  which 
it  deserves,  we  are  glad  to  have  the  opportunity  afforded  us  of  bringing  the  circum- 
stance under  the  especial  notice  of  our  readers.  It  has,  we  are  glad  to  find,  been 
taken  up,  as  a  subject  worthy  of  scientific  investigation ;  and  in  this  we  have  been 
invited  to  assist,  by  endeavouring  to  procure  information  from  any  of  our  readers 
who  may  be  able  to  afford  it.  Tlie  phenomenon,  it  is  suspected,  is  attributable  to 
some  agent  or  cause  which  had  acted  over  a  very  extensive  range  of  country,  and 
which,  probably,  produced  similar  effects,  in  many  other  places  besides  the  banks 
of  the  three  rivers  above  specified.  We  trust  that  if  such  effects  were  perceived  by 
any  of  our  readers,  they  will  be  so  obliging  as  accede  to  the  proposal  and  the  request 
with  which  we  conclude  the  present  notice. 

"  On  the  morning  of  Tuesday,  the  27th  of  November  last,  about  six  o'clock,  the 
miller  of  Maxwellheugh  Mill,  situated  on  the  Teviot,  near  its  confluence  with  the 
Tweed,  perceived  a  great  diminution  taking  place  in  the  water  which  flowed  through 
his  mill-course.  At  eight  o'clock  the  water  altogether  ceased  to  flow.  Thinking 
that  the  sluice  had  fallen  down,  or  that  the  eauld  [dam]  had  given  way,  he  went  up 
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to  the  CBold,  and  lound,  much  to  his  surprise,  that  there  was  hardly  any  water  in 
the  rivet.  There  were  here  and  there  a  few  pools,  where  there  were  hollows  in  the 
channel;  but  there  was  no  longer  a  ruDning  Btream.  The  chaoDEl  continued  dry 
for  four  or  five  hoars — alter  which  the  water  began  gradually  to  dow.  till  thewatirrs 
reached  the  same  level  they  were  at  previously.  At  this  place  the  Teviot  ib  on  an 
average  about  50  feet  wide,  and  2  feel  deep. 

"  The  same  phenoiuenon  took  place  in  the  Nith,  in  the  pariah  of  Durriadeer,  at 
Enter kinefoot.  The  channel  was  so  dry,  that  a  person  could  have  walked  across 
without  wetting  his  stockings. 

"  It  was  observed  also  in  the  Clyde,  a  little  above  New  Lanark.  The  eiten&ivi: 
cotton-mills  at  thai  place  were  for  soniB  hours  stoppcil,  in  consequence  of  an  entire 
cessation  of  the  current.  Numbers  of  liah  were  caught  with  the  hand,  anil  many 
persons  walked  across  without  wetting  so  much  as  the  soIps  of  their  feet. 

"  The  above  particulars  we  have  taken  from  the  newapapera,  and  we  do  not  much 
for  their  perfect  accuracy ;  but  we  have  no  reason  to  doubt  it,  as  Ihe  statements  have 
not  been  contradicted. 

"  It  appears  that  the  same  phenomenon  has  occurred  frequently  before.  In  the 
Teviot,  it  is  known  to  have  occurred  at  least  live  limes  betweeu  the  years  1748  and 
1767.  It  happened  also  in  the  Clyde  in  the  year  17S7,  and  withio  a  few  days  of  tta 
occurrence  in  the  Teviot :  and  it  is  remarkable,  that,  in  regard  to  both  of  these  rivers, 
the  part  of  the  channel  where  their  waters  disappeared,  turns  out  to  be  Ihe  very 
place  where  they  disappeared  last  niooth.  But  there  are  several  other  rivers,  both 
in  England  and  in  Scotland,  where  the  same  phenomenon  has  been  observed  within 
the  last  half-century. 

"  We  feel  satisfied  that  our  readers  will  share  with  us  an  extreme  anxiety  to 
discover,  if  possible,  the  cause  of  this  singular  phenomenon  :  and  we  will  now  ex- 
plain to  them  in  what  way  they  can  be  instrumental  in  assisting  in  this  discovery. 

"  The  first  object  should  be  to  obtain  a  minute  and  accurate  account  of  nil  the 
(hcts  apparently  connected  with  the  phenomenon,  at  the  places  where  it  was  observed. 
We  are  happy  to  learn  that  steps  have  been  taken  for  this  purpose  by  persons  well- 
qualified  for  such  an  iaquiry.  But  as  it  is  just  possible,  that  even  they  may  not  have 
gathered  up  all  the  circumstances  calculated  to  throw  light  on  the  subject,  our  readers 
iQ  these  quarters  would  do  well  to  note  down,  ere  it  fades  from  their  meiuorica,  nuy 
thing  particular  which  they  observed. 

"  We  may  now  allude  to  the  difff  rent  theories  which  have  been  started  t')  account 
for  the  phenomenon,  because  they  will  immediately  show  the  importance  of 
gathering  together  as  many  facts  as  possible.  It  is  by  facta  alone  that  these  theories 
will  be  confirmed  or  refuted. 

"Some  persons  ascribe  the  phenomenon  to  a  severe  frost  which  occurred  on  the 
morning  of  Nov.  27.  and  which,  it  is  said,  froze  up  the  streamlets  and  springs  that 
supplied  the  rivers  where  the  phenomenon  was  observed.  We  caimot  see  how,  on 
any  philosophical  principles,  (he  effect  here  stated  would  follow  from  such  a  cause. 
But,  even  if  it  were  sufficient  to  produce  it,  then  the  seme  phenomenon  should  have 
occurred  io  the  Tweed,  the  Jed,  and  all  the  rivers  where  the  frost  reached.  More- 
over, it  should  be  observed  every  winter,  and  it  ought  to  have  been  very  strikingly 
observed  last  winter.  Besides,  the  waters  should,  after  Ihe  frost  gave  way,  have 
risen  considerably  above  their  usual  level,  which,  it  la  said,  was  not  the  case. 

"  We  have  adverted  to  these  inferences  from  the  theory  Just  mentioned,  in  order  to 
show  how  its  truth  or  falsehood  may  be  tested ;  and  many  of  our  readers  may  be  in 
possession  of  facta  which  will  supply  this  test. 

"  Another  theory  has  been  proposed,  which,  we  confess,  appears  much  more  pro- 
bable. It  is  suggested,  that  a  (issure  may  have  been  furmeil  under  or  across  the 
channels  of  the  above  riiers,  into  which  their  waters  found  their  way.  The  current 
would  thus  cease  to  How  in  its  ordinary  channel  until  the  fiafuro  closed,  or  was 
filled  up  by  the  sediment  and  water  poured  into  it.  The  fissure  might  be  either  a 
crack  across  the  country,  or  a  local  sinking  of  the  ground.  It  is  well  known  that 
earthquakes  frequently  produce  such  effects ;  and  there  are  few  years  in  which,  in 
some  parts  of  Scotland  and  England,  the  shock  of  an  earthquake  is  nut  felt.  When 
the  Clyde  stopped  in  January  1787.  a  rivulet  in  the  parish  of  Slralhblanc,  in  Stir- 
liogshirc,  which  drove  a  mill,  also  disappeared.     On  the  snmr  day.  the  shock  of  an 
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earthqaake  was  very  sensibly  felt  in  Glasgow  and  its  neighbourhood.  Whether  or 
not  at  either  of  these  places  any  fissures  were  observed,  into  which  the  streams 
flowed  for  a  time,  we  nave  been  unable  to  learn.  That  there  are  fissures,  or  alips 
(as  the  geologists  call  them),  which  everywhere  intersect  the  crust  of  the  earth,  is  well 
known  to  every  collier  and  miner ;  and  that  there  are  such  fissures  in  that  part  of  the 
channel  of  the  Clyde,  where  its  waters  have  repeatedly  disappeared  (namely,  between 
the  uppermost  fall  and  Corra  Linn),  is  extremely  probable.  It  might  be  thought, 
however,  that,  if  a  crack  was  produced,  sufficient  to  allow  the  waters  of  a  large 
river  to  escape,  it  would  soon  be  discovered.  But  it  is  quite  possible,  that,  after  the 
lapse  of  a  few  hours,  the  crack  might  close  again,  and  leave  scarcely  any  external 
traces  of  its  existence.  Still,  we  cannot  help  thinking  that  some  traces  should  be 
discoverable ;  and  this  is  just  one  of  the  points  on  which  our  provincial  readers  may 
be  able  to  afford  information. 

"  We  shall  conclude  by  suggesting  one  or  two  points,  to  which,  if  any  of  our  readers 
would  be  so  obliging  as  to  mvestigate  the  subject,  their  attention  may  be  directed  ; 
and  we  doubt  not,  other  points  will  occur  to  themselves  : — 

"  1.  Have  phenomena,  similar  to  those  which  occurred  in  the  Teviot,  the  Clyde, 
and  the  Nith,  on  the  27th  of  November  last,  been  observed,  on  the  same  day,  or 
about  the  same  time,  in  any  other  rivers  in  Great  Britain  ? 

"  2.  If  so,  at  what  hour  were  they  first  observed,  and  how  long  did  they  continue? 

'*  3.  Where  is  the  highest  place,  in  the  course  of  the  river,  where  its  waters  db- 
appeared? 

"  4.  Was  any  crack,  or  fissure,  or  sinking,  or  disturbance  of  the  ground,  visible  at 
that  place  ? 

"5.  Was  the  shock  of  an  earthquake  felt,  anywhere,  about  the  period  above 
mentioned  ? 

"  6.  Was  there  much  or  any  ice  on  the  river,  or  its  tributaries,  where  the  aforesaid 
phenomenon  occurred  ? 

"  7'  When  the  water  began  to  flow  again,  did  it  rise  to  a  higher  level  than  it  had 
been  at  previously  ? 

"8.  Is  there  any  appearance  of  a  slip,  fault,  dyke,  or  trouble  in  the  strata,  at  or 
near  the  place  where  the  waters  began  to  disappear  ? 

"9«  Has  this  phenomenon,  or  anything  similar  to  it,  been  observed  in  former 
years — and  when  ? 

"  We  may  also  repeat  the  queries  3,  4,  5,  6,  7  and  8,  with  regard  to  the  stoppage 
of  the  Teviot,  Clyde,  and  Nith ;  for  on  the  subjects  of  those  queries  with  regard  to 
the  phenomenon  of  the  27th  of  November,  we  are  as  yet  uninformed." 

See  also  some  analogous  facts  mentioned  by  Perrey  in  his  memoir  "  On  the  Earth- 
^i^uakes  of  £urope,  and  adjacent  parts  of  Africa  and  Asia,  from  1801  to  1843  " 
(Comptes  Rendus,  Sept.  1843,  last  page  but  one  of  the  memoir).  Most  of  these  phe- 
nomena have  occurred  in  the  winter  and  in  higher  latitudes ;  and  although  there  are 
considerable  difficulties  in  the  way  of  the  frost  theory  of  accounting  for  them,  and  I 
incline  to  the  view  that  it  will  hereafter  be  found  to  be  the  true  one,  yet  there  is 
sufficient  to  induce  the  question — Can  it  be  poaible  that  partial  or  local  elevations, 
with  or  without  fractures  or  earthquake,  take  place  occasionally,  and  to  such  an 
extent  as  to  change  the  levels  of  portions  of  the  earth's  surface,  and  for  a  time 
derange  the  flow  of  rivers,  or  other  such  main  channels  of  drainage  ? 

Those  who  embrace  the  views  of  Von  Buch  and  Humboldt,  &c.,  and  admit  the 
possibility  of  bouraovffle  domes  of  trachyte,  will  be  prepared  to  find  no  difficulty  in 
imagining  such  comparatively  small  surfaces  elevated  and  swollen  up,  by  the  assumed 
elastic  forces  beneath,  so  as  to  produce  new  and  extemporaneous  water-sheds ;  and 
although  I  cannot  join  in  such  views,  the  subject  appears  to  me  worthy  of  more  exa- 
mination at  the  hands  of  Vulcanologists  and  Seismologists. 


Nausea  at  the  moment  qf  shock, — This  curious  effect  of  earthquake  shock  upon 
human  beings,  and  if  accounts  are  to  be  credited,  also  upon  some  domestic  animals, 
is  deserving  of  more  attention  than  it  has  yet  received. 

The  fact  itself,  as  respects  human  beings,  admits  of  no  doubt.  I  have  direct 
testimony  of  the  boys  of  a  large  boarding-school  being  suddenly  awakened  at  night 
by  one  of  the  North  American  shocks,  and  the  greater  number  suffering  from  imme- 
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Uiate  sense  of  nauiea,  nmountiDg  to  voroiting  in  roAaj  c 
quake  at  Naples  (Dec,  ISS/)  many  imtaiices  were  related  to  me  by  the  sufferers, 
'J'he  tjuestioD  arises.  Is  the  nausea  aa  effect  of  Ibe  sadden  iit»turbaace  of  the 
ncrvoua  system  by  alarm,  &c.,  or  19  it  due  to  the  movement  itself,  aad  analogous 
to  seo-sickaess }  There  arc  great  difficulties  in  the  way  or  either  solution.  Those 
moat  likely  tosufler  severely  from  nervous  alarm,  do  not  seem  to  be  those  most  usu- 
ally affected.  The  direct  movements  am  very  generally  too  suddeu,  sharp,  and  of 
too  little  dnratiim,  to  admit  of  the  second  explanation.  The  facts,  however,  require 
to  be  more  numcrouf ,  and  to  be  scientili rally  collected  aail  claMiGed  as  soon  after 
the  occurrence  as  possible,  and  are  curomended  to  such  physiologisLt  as  may  be 
favourably  circumstanced  for  the  obaervatioQ  in  earthquake  regions. 


Indirfcf  etiimation  r^f  tkefnrct  dur  to  Ike  lAock. — In  our  ignorance  of  the  precise 
nature  of  the  originating  impulse,  whether  of  one  or  of  more  than  one  sort,  or  of  the 
degree  of  force  at  the  centre  of  impulse  necessary  to  transmit  a  wave,  Bensibly,  to  a 
given  distance  through  the  common  fonntttioni  of  the  earth's  crust,  any  trustworthy 
observations,  of  the  distance  to  which  the  very  analogous  blow  produced  by  fired 
mines,  or  other  masses  of  gunpowder,  has  been  sensibly  conveyed,  are  not  to  be 
at  (iresent  neglected.  The  2ud  Report  gives  exact  information  as  to  the  distanres  to 
which  Buch  impulses  from  flred  powder,  even  of  a  feeble  character,  may  be  conveyed 
through  the  worst  conducting  material  (sand),  and  made  instruQientally  sensible. 

I  have  collected  since  that  period  a  few  occasional  notices  of  the  eKplosions  of 
large  masses  of  gunpowder,  and  of  such  facts  as  rosy  be  found,  of  the  tnagniludc  anil 
distance  of  the  impulse  conveyed,  which  I  here  transcribe  for  reference.  It  would 
be  very  desirable  ijiat  officers  of  engineers  entrusted  with  demolitions,  or  requiring 
to  eiplode  very  large  masses  of  powder,  would  endeavour  to  provide  for  obtaining 
obaetvaiioua  as  to  the  precise  radius  of  the  superficial  area  at  which  the  ground 
shock  became  iusensible  without  the  aid  of  instruments,  and  that  such  obscrvatlaDs 
were  accompanied  by  a  general  account  of  the  nature  of  the  geological  formation, 
and  of  the  physical  features  of  the  country  around. 

"  The  Monster  Blast  at  Furness.— The  monster  blast  of  gunpowder  at  Fnrness 
Granite  Quarry  took  place  on  Wednesday  afternoon,  with  complete  success.  The 
charge  consisted  of  no  less  than  three  tons  of  gunpowder,  and  was  deposited  in  two 
chambers — one  and  a  half  ton  in  each.  The  shaft  was  60  feet  in  depth,  and  the 
charabera  in  which  the  powder  was  placed  were  17  feet  long.  The  charge  was 
ignited  by  a  galvanic  bntlt'ry,  and  lifted  an  imnicnae  ma.ss  of  rock,  computed  to  have 
been  between  7000  and  SOOO  tons.  The  flame  belched  out  on  the  seaward  side, 
and  was  welt  seen  by  a  large  concourse  of  spectators  from  Inverary,  the  watering 
places  of  the  Clyde,  and  a  party  of  excuraionists  from  Glasgow,  on  board  the  '  Mary 
Jane."  The  report  was  not  loud,  but  deep  and  hoarse,  and  the  ground  in  a  very  wide 
circle  was  strongly  agitated." — Glasgow  Constitutional,  October  5,  1852. 

Tbe*JournaldeTurin'ofthe29thult.  has,  under  the  head  of  "latest  intelligence," 
the  following  paragraph  : — "Tukin,  1  ['45  &.H.  Two  successive  shocks  have  been 
felt  like  those  of  an  earthquake.  The  powder  magazine  of  Borgo  Dora  has  ex- 
ploded. The  population  is  hurrying  to  the  scene  of  disaster.  The  rappel  is  being 
beaten.  All  the  faubourg  is  on  fire.  A  barrack  has  fallen  down.  Two  hundred 
deaths  are  spoken  of,"— Saunders's  Newsletter,  May  1852. 

It  is  quite  probable  that  both  in  this  case  and  in  that  of  the  magazine  at  Mayence, 
which  subsequently  exploded,  information  might  slill  be  obtained  as  to  the  weight  of 
powder  fired  and  the  extreme  distance  to  which  the  shock  was  felt. 

"Improvement  of  the  Port  of  Brest.— The  '  Monitcur  de  la  Flotte  '  states  that  M. 
V'errier.  engineer,  charged  with  the  work  of  clearing  away  the  Rose  Kuck,  which 
oli5tructs  the  entrance  of  a  pari  of  the  harbour  of  Brest,  called  the  Penfield,  made 
an  experiment  a  few  ilays  ago,  which  waa  perfectly  sjuccessful.  One  of  the  convicts, 
covcreil  with  a  diving-dress,  descended  to  the  rock  at  half-tide,  and  deposited  a  box 
full  uf  gunpowder,  to  which  were  fitted  two  gutta-percha  tubes,  also  similarly  filled. 
As  srion  as  the  man  had  come  up,  a  light  was  ap]>lied  to  the  lubes,  and  shortly  after 
a  louil  cracking  noise  was  heard,  ami  a  large  column  of  water,  with  fragments  of 
slum-  anil  a  ituanlitv  of  sand  ami  mui),  were  thrown  up  to  the  height  of  20  feet. 
The  comrimtioii  was   so  Rrrat,   that    the    Ha:,tion    de   ia    Husf,  which   stands  near. 
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trembled  to  its  foundation.    The  maaa  thus  moved  has  been  considerable." — Times, 
April  17th,  1857. 

Tike  following  is  the  '  Times '  account  of  one  of  the  explosions  at  the  siege  of 
Scbsstopol : — 

"Thursday,  Aug.  30,  1855. — ^The  whole  of  the  camp  was  shaken  thid  morning 
at  1  o'clock  by  a  prodigious  explosion,  which  produced  the  effects  of  an  earthquake. 
A  deplorable  accident  had  occurred  to  our  gallant  allies  as  they  were  pursuing  their 
works  with  accustomed  energy.  A  tumbrel,  from  which  they  were  discharging 
powder  into  one  of  the  magazmes  near  the  Mamelon,  was  struck  by  a  shell  from 
the  Russian  batteries,  which  burst  as  it  crashed  through  the  roof  of  the  carriage,  and 
ignited  the  cartridges  within ;  the  flames  caught  the  powder  in  the  magazine,  and, 
with  a  hideous  roar,  14,000  rounds  of  gunpowder  rushed  forth  in  a  volcano  of  Are  to 
the  skies,  shattering  to  atoms  the  magazine,  the  tumbrels,  and  all  the  surrounding 
works,  and  whirling  from  its  centre  in  all  directions  over  the  face  of  the  Mamelon 
and  beyond  it  150  officers  and  men.  Masses  of  earth,  gabions,  stones,  fragments  of 
carriages,  and  heavy  shot  were  hurled  far  into  our  works  on  the  left  of  the  French, 
and  wounded  several  of  our  men.  The  light  of  the  explosion  was  not  great,  but 
the  roar  and  shock  of  the  earth  were  very  considerable.  The  heaviest  sleepers  awoke 
and  rushed  out  of  their  tents.  The  weight  of  powder  exploded  was  about  seven 
tons,  or  1400  rounds  of  lOlbs.  each." — ^Times,  Sept.  13,  1855. 

The  following  is  part  of  the  French  account  of  die  expedition  against  Kertch  ^ — 

"May  26th,  1855. — Finally,  before  evacuating  Yenikale,  they  blew  up  a  powder 
magazine,  containing  about  30,000  kilogrammes  of  powder :  the  shock  was  so  great, 
that  manv  houses  were  destroyed,  and  vessels  anchored  ten  miles  out  at  sea  felt  it 
severely.' —*  Moniteur'  quoted  by  'Times,'  June  1855. 

And  the  following  of  the  great  explosion  in  the  camp  before  Sebastopol,  on  the 
15th  of  November  1855: — 

"  Shortly  afler  3  o'clock  on  Thursday  afternoon  the  whole  camp,  from  Inkermann 
to  far  beyond  Cathcart's  Hill,  was  literally  shaken  throughout  every  square  foot  of 
its  area,  by  the  most  tremendous  explosion  that  has  ever  echoed  through  these 
Crimean  hills.  A  greater  quantity  of  gunpowder  itself  may  have  been  exploded  in 
some  of  the  magazines  discharged  for  the  destruction  of  the  buildings  and  works 
after  the  abandonment  of  the  ruined  city  and  fortress ;  but  this  is  doubtful,  and 
certainly  there  were  never  fired  at  the  same  time  so  g^at  a  number  and  variety  of 
deadly  and  explosive  projectiles.  The  force  of  the  blow  from  the  impelled  air,  the 
stunning  noise,  the  flashing  of  the  fire,  the  suffocating  smoke,  arrested  every  reason- 
ing faculty,  and  took  away  all  sense,  save  the  instinctive  impulse  to  fly  from  the 
source  of  evil.  Among  the  regiments  themselves  of  the  light  division,  whether  in 
tents  or  huts,  a  sudden  sensation  was  felt  as  if  of  an  upheaving  of  the  ground,  at  the 
same  time  that  a  violent  shock  was  experienced  from  the  concussion  of  the  air. 
Almost  instantly  followed  the  loud  report  of  the  explosion ;  not  sounding  as  if  a 
single  charge  or  magazine  had  been  fired,  and  without  the  ringing  tone  or  decided 
character  of  a  salvo  of  artillery;  but  seeming  rather  as  if  a  number  of  magazines  had 
been  discharged,  one  after  the  other,  so  rapidly^  that  all  the  reports  were  blended  into 
one.  As  the  thunder  of  the  first  report  subsided,  its  place  was  occupied  by  the 
sharp  cracking  sounds  of  shells  bursting  high  in  the  air,  the  rush  of  fragments  falling 
to  the  ground,  and  the  loud  bangs  of  shells  which  had  been  scattered  and  were  ex- 
ploding on  all  sides.  Simultaneous  with  these,  almost  from  the  very  commencement, 
was  the  crushing  of  wooden  huts,  splitting  of  timbers,  and  noise  of  falling  glass  from 
the  broken  windows.  The  tents  were  violently  agitated,  and  sometimes  the  cords 
or  poles  were  snapped  asunder.  Then  followed  a  continued  succession  of  minor 
reports,  and  the  roar  of  flames,  and  crackling  of  burning  wood,  as  the  fire  advanced 
and  increased  among  the  huts  and  artillery  stores  of  the  siege  train  d^p6ts.  To  say 
that  it  equalled  in  violence  the  combined  salvos  of  a  thousand  parks  of  artillery 
might  seem  extravagant ;  and  yet  the  simile  would  but  feebly  convey  an  idea  of  the 
volume  of  thundering  sound  that  shook  the  earth  for  miles  around,  tearing  down 
the  most  substantial  masonry  and  wooden  huts,  and  levelling  tents  as  by  the  sweep 
of  some  invisible  giant-arm.  I  had  seen  the  explosions  on  and  after  the  8th  of 
September,  which  so  many  pens  have  since  described  ;  but  no  half-dozen  of  them 
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together  would  have  equalled  this  one,  either  io  force  or  sound, 
nearly  halfanirle  from  the  Bpol  of  itsociMirrenco,  the  air  was  one  huge  column  of  ponder 
■moke  imd  cast-up  earth,  up  into  aud  aihwart  which  ignited  or  exploding  ihelts 
and  rockets  L-ver  and  anon  darted  and  flashed  by  buodreds.  spreading  destnictJon  to 
nearly  everything  aDimale  and  inanimate,  within  a  radius  of  more  than  a  thousand 
yards.  Heavy  aitge  guns  were  vfrenched  from  their  carriages  and  ibruwn  many 
perches  from  where  tLcy  had  been  ataniling,  whilst  the  carriages  themselves  were 
lorn  asunder. " — Loudon  Express,  Nov.  29,  1855. 

The  following  notices  of  tlie  Groat  Blast  at  Seaford  Cliff  are  enlracted  from 
•Saundera"s  Newsletter' of  September  15,  1855: — 

"  The  great  explosion  at  Seaford. — There  has  been  a  great  concourse  of  visitors  in 
this  little  town  today  to  witness  the  operation  of  '  bloating,'  by  the  explosion  of 
gunpowder,  aa  lounenae  mass  of  chalk  clifTfrom  the  heights  down  upon  the  beach, 
there  to  form  a  barrier  which  may  check  the  drifting  of  the  shiogle  towards  Beachy 
■  lead  and  the  east.  The  ground  about  Seaford  for  two  miles  to  the  west  lies  low, 
and  there  is  nothing  to  protect  it  from  the  inroad  of  the  are,  at  high  tides  but  b 
narrow  heach  baok  of  shingle.  This  barrier  is  becoming  gradualiy  weaker  in  cun- 
aecjuence  of  the  tendency  of  the  shingle  to  drift  away,  and  it  has  bccv>me  a  matter  of 
urgent  moment  that  this  should  be  stayed.  Close  to  Seaford,  on  its  eastern  pide, 
rises  a  noble  line  of  cliff,  in  some  places  300  feet  high,  and  averaging  above  200,  It 
was  determined  to  project  a  huge  slice  of  the  cliff  on  to  the  beach,  with  a  view 
thereby  to  constitute  a  groiD  for  the  purpose  of  retaining  the  shingle  and  preventing 
its  leaving  the  bay.  The  operations  have  been  conducted  by  the  Board  of  Ordnance. 
The  spot  selected  is  not  much  abov*  half  a  mile  to  the  east  of  Seaford.  Al  a  height 
of  about  50  feet  above  high- water- mark  there  was  driven  into  thecUlT,  or  excavated, 
a  tunnel  or  gallery  70  feet  long,  6  feet  high,  5  feet  broad,  ascending  with  a  slope  of 
1  in  3.  At  the  iiiland  extremity  it  turo«d  right  nnd  left  in  the  heart  of  the  cliff, 
above  50  feet  one  way  and  above  60  the  other,  with  a  more  gentle  B«cent,  the  Ivuo 
smaller  galleries  being  4  feet  6  inches  high,  and  3  feet  6  inches  broad,  and  the  three 
being  in  the  form  ofa  capital  T.  At  the  utmost  end  ofeach  ofthe  side  orcroas  galleries 
vfot  a  chamber,  7  feet  cube,  lined  with  wood ;  and  in  each  chamber  a  charge  of  no 
less  than  12,0001bs.  of  gunpowder  was  deposited  ;  making  (he  distance  of  the  centre 
of  the  charge  70  feel  from  the  face  of  the  cliff  towards  the  sea,  and  about  70  feet 
above  high-water  mark.  The  galleries  were  '  tamped,'  that  is,  stopped  up,  with  bags 
of  sand,  and  chalk  in  bags  and  loose,  to  -within  50  feet  of  the  mouth,  both  branchea 
being  tamped  up.  and  21)  feet  down  the  Inrge  gallery.  It  was  not  till  I  3  ininutea 
past  3  o'clock,  that  suddenly  the  whole  cliff,  along  a  width  or  frontage  of  some 
130  feet,  bent  forwards  towards  the  aea,  cracked  in  every  direction,  erumbltd  into 
pieces,  and  fell  upon  the  beach  in  front  of  it,  forming  a  bank  down  which  large 
portions  of  the  falling  mass  glided  slowly  into  the  sea  for  several  yards  like  a  stream 
of  lava  flowing  into  the  water.  The  whole  multitude  upon  the  beach  seemed  for  a 
few  moments  paralysed  and  awe-struck  by  the  strange  movement,  and  the  slightly 
trembling  ground ;  everyone  sought  to  know  with  a  glance  that  the  moEs  had  not 
force  enough  to  come  near  him,  and  that  the  cliff  under  which  he  stood  was  safe. 
There  was  no  very  loud  report ;  the  rumbling  noise  was  probably  not  heard  a  mile 
olT,  and  was  perhaps  caused  by  the  splitting  of  the  cliff  and  fall  of  the  fragments. 
There  seemed  to  be  no  smoke,  but  there  was  a  tremeiidouB  shower  of  duat.  Those 
who  were  In  boats  a  little  way  out  state  that  they  felt  a  slight  shock.  It  was  much 
stronger  on  the  top  of  the  cliff.  Persons  stnnding  there  felt  staggered  by  the  shaking 
of  the  ground,  and  one  of  the  batteries  was  thrown  down  by  it.  In  Seaford,  too, 
three  quarters  of  a  mile  off,  glasses  upon  the  table  were  shaken.and  one  chimney  felt. 
At  Newhaven,  a  distance  of  three  miles,  the  shock  was  sensibly  felt.  The  mass 
which  came  down  is  larger  than  was  expected  ;  it  forms  an  irregular  heap,  apparently 
about  300  feet  broad,  of  a  height  varying  from  40  to  100  feet,  and  running  200  or 
230  feet  or  more  seaward,  which  is  considerably  beyond  low.water  mark.  It  Is 
thought  that  it  comprises  nearly  300,000  tons." 

These  meagre  and  most  imperfect  accounts,  as  respects  the  object  here  in  view, 
will  however,  it  may  be  hoped,  direct  future  attention  to  more  precise  observation  of 
the  data  required. 
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